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1. Summary

4 The purpose of this research was to develop and describe a
methodology through which the effects of daylight in an interior

4 environment may be quickly and accurately predicted.

The research resulted in the computer program DAYCU2, which is
implemented in FORTRAN-77 on the DEC VAX 11/780 minicomputer. The
program will run without modification on any other model in the VAX
series, and should be transportable with minimum conversion effort
onto any other computer system which supports ANSI standard FORTRAN-
77 and has sufficient memory (approx. 150k bytes).

Executing DAYCU2 generates the daylighting coefficient of uti-
lization (CU) tables, which appear in Appendix T of this document.
To use the tables, the user need only determine the vertical illu-
minance at the window produced by the sky and by the ground. If
venetian blinds are involved the user must also determine the
vertical illuminance produced by the sun. Once these illuminances
are determined, a few multiplications and additions yield the pre-
dicted illuminance at any of 5 target points within the room.

The remaining sections of this document discuss:
1. The underlying assumptions involved in the generation of the CU

tables.
2. How to use the CU tables.
3. Comparisons of results obtained with the CU tables against

those obtained from the method given in the IES publication
RP-5.

4. The mathematical basis and logic flow of the computer program
DAYCU2.

5. Advice for getting the most out of the tables.

The CU tables themselves are given in Appendix T. Other ap-
pendices contain the DAYCU2 computer program source code and addi-
tional mathematical formulae and derivations not appropriately in-
cluded elsewhere.
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2. Characteristics of the Daylighting Environment

H

A A

~* - w

The following sub-sections describe the parameters and assump- ;

tions used in building the CU tables:"

2.1 Room Characteristics,"

One wall of the room is completely occupied~by the window. -
The transmittance of the window is 1; from Bryan , the transmission
loss due to angle of incidence is assumed to obey

Loss = 1.018 cos '(1 + sin'Y')

where Y is the angular displacement between the incident ray and a
normal to the window. Wall reflectances (except the window-wall) are
all 50%; floor reflectance is 30%; ceiling reflectance is 70%. CU
tables are generated for all combinations of the following ratios of
room depth and room width to window height:

Room width / window height = , 1, 2, 3, 4, 6, 8, infinity

.4 Room depth I window height = 1, 2, 3, 4, 6, 8, 10

2.2 Target Points

Target points A, B, C, D, and E are located along the floor at
distances of 10%, 30%, 50%, 70%, and 90% of the room depth from th .
window. This is illustrated in the sketch above. The target points--
are located on the longitudinal centerline of the room -- i.e., each
point is equidistant from the two walls which are adjacent to the
window-wall.'.

1 Harvey Bryan and Robert Clear, "Calculating Interior Daylight Illumina-

tion with a Programmable Hand Calculator", JIES, July 1981, pp. 219-227.

SQ- .• t • .° •• . . . . . . . S
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2.3 Sky

4CU tables are generated for five different sky brightness distri-
butions, according to the ratio of vertical-to-horizontal illuminance
produced by a particular distribution. The five V:H ratios and the
corresponding distributions are:

Vertical/Horizontal
Illuminance Sky Luminance Distribution

0.75 L = Lz (.301 + 1.273 exp(-.6/sin h))

1.00 L =L
z

1.25 L = L F I - exp (-.6/sin h
15z [ 1 - exp(-.6)

1.50 L = Lz  1 - exp (-.26/sin h)]
z L 1 - exp(-.26) j

1.75= 1 - exp (-.13/sin h)]
1.5L z  1 - exp(-.13)

where
L = zenith luminance
z
h = altitude above horizon of point in sky

Note that in each case the sky brightness (luminance) depends only
upon the zenith luminance and the solar altitude -- the brightness
is independent of solar azimuth angle.

2.4 Ground

The ground is assumed to be an infinite flat Lambertian surface
of constant exitance. Although the ground is thought of as a plane
and the sky is thought of as a hemisphere, for calculation purposes
the ground and the uniform sky may be treated exactly alike.

2.5 Sun

The CU tables take into account the effect of the sun on vene-
tian blinds surfaces. In all other cases the presence of direct sun-
light is ignored. If there are no venetian blinds, it is assumed
that no sunlight enters the room directly, regardless of the solar
position. Likewise, if blinds are present, but the blinds opening
angle and solar profile angle are such that sunlight can penetrate
the blinds, this direct sunlight is ignored.

The solar profile angle is the elevation above the horizontal
of the projection of a vector from the window to the sun onto the
vertical plane which is normal to the window. CU values are generated

ar*gnrae

Iq
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for the following 6 profile angles:
0 0 (sun is on the horizon)

150
30 0
450
60

At 90 0 profile angle, the sun would be directly overhead. For verti-i
cal blinds the angles above should be interpreted as azimuth angles,
where 00 azimuth means that the projection of the vector from the win-
dow to the sun upon a horizontal plane is norma~ to the window, etc.
Note that if the profile or azimuth angle is 90 no sunlight can fall
upon the window.

2.6 Venetian Blinds

Venetian blinds can be either horizontal slats or vertical
slats type. Tables are generated for each of the 5 following values
of blinds reflectance:

10 %
30 %
50 %
70 %
90 %

Blinds slats are assumed to be perfectly flat Lambertian surfaces.
Slat width is taken to be 1.15 times spacing between slats; slat
width is presumed small when compared with room dimensions. The
following 6 blinds opening angles are covered in the tables:

0 0 (fully open)
150

030
450

600
750

A blinds opening angle =90 0 would mean fully closed blinds.
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3. How to Use the CU Tables

The tables are computed to three decimal places and printed with
an implied decimal point. I.e., a table entry 076 means a coef-
ficient = .076 There are four different kinds of tables:

i) Illuminance CU Tables (T-1 thru T-54)

These constitute the great bulk of the package and are used in all
cases, blinds or no blinds. The tables are indexed as follows:

0 / H - Room depth / window height

W / H -Window width!/ window height

% D - Location of target point in room -- 10% means 10% of the
way from the window to the back wall.

ii) Solar Blinds Multipliers (T-55 thru T-56)

These tables are indexed by solar profile angle and blinds re-
flectance. There are 12 such tables, one each for each combination
of six blinds angles and two blinds surfaces (top or underside).

d The solar blinds multipliers may be thought of as yielding the
final exitance on the blinds, given the vertical solar illuminance,
profile angle, and blinds reflectance.

iii) Sky Blinds Multipliers (T-57)

These are indexed by blinds angle and blinds reflectance. There is
one table for the underside of blinds, and one table for the top-
side of blinds. The sky blinds multipliers may be thought of as
yielding the final exitance on blinds, given the vertical illumi-
nance due to the sky, blinds angle, and reflectance.

iv) Ground Blinds Multipliers (T-58)

These are indexed by blinds angle and blinds reflectance. There is
one table for the underside of blinds, and one table for the top-

41 side of blinds. These multipliers may be thought of as yielding
the final exitance on blinds, given the vertical illuminance due
to the sky, blinds angle, and reflectance.

3.1 No Blinds

If no blinds are present on the window, we proceed by computing
these two quantities:

E x C V xT
sky sky x sky

Ejj Vgrr' xTgrd

where Esky= desired illuminance at a target point in the room due to
Sthe sky

E =desired illuminance at the target point due to the groundgrd
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transmittance of the window glazing

Vsky = vertical illuminance at the window due to the sky
sky,

Vgrd vertical illuminance at the window due to the ground

Tsky = table entry for the sky luminance distribution, room
dimensions, and target point in question. The tables

are those on pages T-1 thru T-5.

T grd =table entry for ground contribution. This is table on
T-6.

EXAMPLE

Given: 40'L x 20'W x 10'H room reflectances 70/50/30

One 10' high x 8' wide window is centered on the
south wall. Transmittance of glazing = 82%.

Sky is overcast.

Solar elevation angle = 450 .

Ground reflectance 15%.

Find: Illuminance on the floor midway in the room.

1. From Figure 3a we have Vsky =625 fc and Hsky= horizontal

illuminance due to the sky = 1580 fc

2. V 5 . x .15 x 1580 = 118.5 fcqrd-
3. From table T-1 we have Esky = .82 x 625 x .078 40 fc
4. From table T-6 we have Egrd = .82 x 118.5 x .078 = 8 fc

(It is coincidence that the coefficient is .078 in
each case -- we are rounding each final result to
the nearest footcandle)

5. Adding the sky and ground contribution together, we get

Etotal = 48 fc

6. The tables presume that the window occupies the entire
wall; therefore we must adjust by a factor equal to the
proportion of the wall which is occupied by window, or:

E - 48 x (8)(10) 19 fc
adjusted = (20)(10) =
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3.2 Blinds are Present

When venetian blinds are present we must compute the following
intermediate quantities:

Esky-thru = s x Vsky x sky-thru

gr-tr = x V xT
grdthru  grd x grd-thru

E =Z7 x V xM xT
sky-und sky x sky-und x und

Egrd-und L X Vgrd x Mgrd-und x Tund
Esy=o Z xV x xTky-top y sky-top top

Egrd-top x Vgrd x Mgrd-top x Ttop

E d L x V x M xT
sunsund  sun sun-und x undsuntpn V Mx

Esun-top sun sun-top top

where Ek thru = illuminance due to sky light which passes thru
sy- the blinds

E grd-thru = illuminance due to ground light which passes thru
the blinds

E = illuminance due to that portion of undersideEsky-und blinds exitance which is due to the sky

E illuminance due to that portion of undersidegrd-und blinds exitance which is due to the ground

E= i lluminance due to that portion of topside
sky-toP blinds exitance which is due to the sky

E = illuminance due to that portion of topside
grd-toP blinds exitance which is due to the ground

E = illuminance due to that portion of underside
sun-und blinds exitance which is due to the sun

E sun-tp illuminance due to that portion of topside
sun-top blinds exitance which is due to the sun

Vsun = vertical illuminance at the window due to the sun

Ms-n
Msky-und s ky blinds multiplier for blinds underside (T-57)

Mgrdund = ground blinds multiplier for blinds underside (T-58)

Ms= sky blinds multiplier for blinds topside (T-57)
sky-top

Mgrd-top = ground blinds multiplier for blinds topside (T-58)

- .• .j°. .z..," °°°.C -. °° °° "°&-• ° .°°-° ,.° . • . . 2.• ..,° • °° . , , ° o- • • . ., 4
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SMsun-und = solar blinds multiplier for blinds underside (T-55,T-56)

o sun-top = solar blinds multiplier for blinds topside (T-55,T-56)

Tund = CU table entry for blinds underside (T-31 thru T-42)

Sto p  CU table entry for b3.inds topside (T-43 thru T-54)

T sky-thru = CU table entry for sky-thru component (T-7 thru T-18)

grd-thru = CU table entry for ground-thru component
(T-19 thru T-30)

EXAMPLE

Given: 40'L x 20'W x 10'H room, reflectances 70/50/30

One 10' high x 8' wide window is centered on the south
wall (south wall is 20' wide). Transmittance is .82

The window is completely covered by venetian blinds.
The blinds are set at 300; reflectance of blinds = 50%

3' '0

It is a clear summer day; solar elevation = 450 .

The sun directly faces the window-wall, so that solar
azimuth angle = 0 (therefore profile angle = 450)

Ground reflectance = 15%.

Find: Illuminance at the floor midway in the room.

1. From Figure 3b (00 azimuth curve) we have V = 1480
sky =

2. From Figure 3e (00 azimuth curve) we have Vsun = 5500

3. From Figure 3b, horizontal illuminance on the ground due

to the clear summer sky is 1440 fc; from Figure 3e the
horizontal illuminance on the ground from direct sunlight

is 5500 fc. These total 6940 fc, so the vertical illumi-
nance at the window due to the ground is:

V g (.5)(.15)(6940) = 520
grd

4. From the tables we find these CU values:

Tsky-thru = .014 Tgrd-thru = .041

Mk = .084 M =.065
sky-und grd-und

.407 M .047
sky-top grd-top

M d .075 Ms= .438
sun-undsun-top

Td = .054 T = .009
,d ., top
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5. Combining, we get:

Esyhr = 82 x 1480 x .014 = 17

E .8 2 01= 17
grd-thru = .2 x50 x .4

skE n .82 x 1480 x .084 x .054 = 6

E - 82 x 520 x .065 x ..054 = 1grd-und-

Esk to82 x 1480 x .407 x .009 = 4

Egrd-top = 82 x 520 x .047 x .009 = 0

Es ud = 82 x 5500 x .075 x .054 = 18
Eu-n
su-o .82 x 5500 x .438 x .009 = 18

81

6. Finally, we must adjust by the proportion of wall which
the 8' wide window occupies, or

E (8/20) x81 =32 fc

9J
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Figure 3e: Illuminance from the sun only (no sky)
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4. Comparison with RP-5

IES Publication RP-5 presents an alternative method for predic-
ting the effects of daylight. Figures 4a thru 4v compare results
obtained from the CU tables presented here with those obtained from
the RP-5 method. The following points regarding RP-5 calculations
must be noted:

1) RP-5 assumes that the window begins 3' above the floor and runs to
the ceiling. In order to achieve a window height of 10' a room
height = 13' was used in the RP-5 calculations; this required in-
terpolation between tabulated coefficients at heights 12' and 14'.

2) RP-5 tabulates coefficients only for wall reflectances 30% and
70%. Interpolation is therefore necessary to predict illuminance
for 50% wall reflectance.

3) DAYCU2 computes coefficients for illuminance on the floor. RP-5
CU's give coefficients for a target plane 6" below the bottom of
the window. Also, the DAYCU predictions are for an effective
target plane reflectance = 30%; those from RP-5 are for effective
target plane reflectance = 25-28%, depending on room dimensions
(calculations from IES Handbook).

4) The room dimensions given in the comparisons presume that the W
dimension corresponds to the window-wall. Note that this W dim-
ension is the "length" dimension in RP-5; the L dimension in the
comparison corresponds to "width" in RP-5.

5) The tables given in Appendix T are for ceiling reflectance 70%.

The RP-5 figures are for ceiling reflectance 80%. Therefore for
purposes of this comparison, abridged tables for 80% ceiling re-
flectance were generated; these abridged tables are included in
this section following the compirison curves.

Figures 4a thru 4p are for rooms having no venetian blinds.
The solid curve in each figure is a graph of the illuminance on the
floor as predicted by the DAYCU2 tables. The vertical axis is illu-
minance in fc; the horizontal axis is distance (in feet) from the
window. In each case the curve was hand-drawn from the predicted
illuminance at the 5 target points treated in the tables. The heavy
dots on each curve are the points from which the curves are construc-
ted. For comparison purposes, RP-5 predicted values are plotted indi-
vidually as + signs. Illuminance at the target points is computed
assuming that the vertical illuminance on the window is 1000 fc.
Transmittance of the window glazing is assumed to be 100%.

The Vertical/Horizontal illuminance ratios used to correspond
-71 to the RP-5 skies are:

Overcast sky: 0.75 V/H

Uniform sky: 1.00 V/H

Clear sky: 1.25 V/H

.0".
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Figures 4q-4v compare predicted results when venetian blinds are
present. All 6 figures are for the following conditions:

20' L x 20' W x 10' H Room dimensions
0
0 Solar azimuth angle (relative to window-

wall)
450 Solar altitude angle (therefore profile

angle is also 45 )

Clear Sky distribution (= 1.25 Vertical / Hor-
izontal for DAYCU2)

5500 fc Vertical illuminance from sun (RP-5)

1480 fc " " " sky (RP-5)

1000 fc " " " ground
I.

The DAYCU2 curves were constructed using 50% blinds reflectance;
the actual blinds reflectance from RP-5 is unknown.

. . .-- - - - - - - - - .
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Figure 4a: 20'L x 20'W x 10'H room. Source: Uniform Sky

600

500

E(fc)
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I I ~ I
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Figure 4b: 20'L x 20'W x 10'H room. Source: Clear sky
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Figure 4c: 20'L x 20'W x IO'H room. Source: Overcasi sky
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Figure 4d: 20'L x 20'W x IO'H room. Source: Ground
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Figure 4e: 20'L x 40'W x 10'H room. Source: Uniform sky
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Figure 4f: 20'L x 40'W x 10'H room. Source: Clear sky
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Figure 4q: 201L x 40'W x 10'H room. Source: Ground
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Figure 4h: 20'L x 401W x 10'H room. Source: Overcast sky
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Figure 4i: 40'L x 20'W x 10'H room. Source: Uniform sky
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Figure 4j: 40'L x 20'W x 10'H room. Source: Clear sky
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Figure 4k: 401L x 20'W x 101H room. Source: Overcast .k
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Figure 4.9: 40'L x 20'W x 10'H room. Source: Ground
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Figure 4m: 40'L x 40'W x 1O'H room. Source: Uniform sKy
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Figure 4n: 40'L x 40'W x 10'H room. Source: Clear sky

.4!
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700

9. 600-

500

E (fc)
400

300

200-

100-

9., I I
5' 20' 35'

Target distance from window

Figure 40: 40'L x 40'W x 10'H room. Source: Overca.i sky

-400

300 -

200 -
E (fc)

100

5' 20' 35'

Target distance from window

Figure 4p: 401L x 40'W x IO'H room. Source: Ground

* *. . . . . - . . . .
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600-

500

400-
E (fc)

300

200-

100-

5' 10' 15'

Target distance from window

Figure 49: Blinds setting =300 Source: Sun +sky

600

500

400

* 300

E (fc)
200

.1*~100

.

5' 10' 15'

Target distance from window

Figure 4r: Blinds setting =450 Source: Sun + sky
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300-

250-
E (fc)

200-

150 +

100-

50-

5110J 15'

Target distance from window

0I!Iure 4s: Blinds setting =60. Source: Sun + sky

200-

150- +
E (fc) 100

"50

5' 10' 15'

Target distance from window

_Lgure 4t: Blinds setting =300. Source: Cround
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200

4100

4.,-

200-

150 +
E (fc)

100+

50-

5' 10' 15'

-I Target distance from window
:1Figure 4: Blinds settin 4500. Source: Ground
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* * * Ceiling Reflectance =80% * * *

ILL.UMINANCE FROM SKY -- V/H = 0.75
NO BLINDS

I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I :

I D / H z DI 5 1 2 3 4 6 8 INF I

I 10 I 000 000 000 000 000 000 000 000 I-" 
I 30 I 000 000 000 000 000 000 000 000 I
I 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 809 812 813 000 000 000 I
I 30 I 000 000 519 544 551 000 000 000 I
I 2 50 1 000 000 287 319 331 000 000 000 I
I 70 I 000 000 173 201 214 000 000 000 I
I 90 I 000 000 127 151 164 000 000 000 I

1 10 I 000 000 739 746 747 000 000 000 I
I 30 1 000 000 320 350 360 000 000 000 1
I 3 50 1 000 000 139 163 174 000 000 000 1
I 70 I 000 000 081 097 106 000 000 000 I
I 90 1 000 000 061 074 (82 000 000 000 1

I 10 I 000 000 658 670 673 000 000 000 I
1 30 I 000 000 197 224 235 000 000 000 I
I 4 50 I 000 000 078 094 104 000 000 000 I
1 70 I 000 000 048 059 065 000 000 000 I
I 90 I 000 000 040 048 053 000 000 000 I
I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 6 50 1 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I B 50 1 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I

I 1( 50 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 1

-- -- ------ -- ------.--.-.-*- -. °-- - ---- - - . .
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* * * Ceiling reflectance = 80% * * *

ILLUMINANCE FROM SKY V/H 1.00 (UNIFORM SKY)
NO BLINDS

I ROOM DEPTH / I I
I WIN'OW HEIGHT I WINDOW WIDTH / WINDIOW HEIGHT U / H I
I II.

I D / H % It I .5 1 2 3 4 6 8 TNF I

10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 1 50 I 000 000 000 000 (,00 000 000 000 I
I 70 I 000 000 000 00i.1 ., 0 000 000 1
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 658 660 661 000 000 000 I
1 30 I 000 000 459 484 491 000 000 000 1
I 2 50 1 000 000 286 320 335 000 000 000 1
I 70 I 000 000 192 226 243 000 000 000 I
I 90 I 000 000 156 188 207 000 000 000 I

I 10 I 000 000 607 613 614 000 000 000 1
I 30 1 000 000 306 337 348 0.,,, 000 000
I 3 50 I 000 000 155 183 15,7 000 000 000 1
I 70 1 000 000 098 .1 132 000 000 000 !

I 90 1 000 000 079 098 11 0 000 000 00m I

1 10 1 000 000 549 t:60 563 000 000 000 I
I 30 I 000 000 204 234 247 000 000 (00 I
I 4 50 1 000 000 094 111 126 000 000 000 I
I 70 I 000 000 061 074 003 000 000 000 1
I 90 I 000 000 050 061 070 000 000 OOC I

I 10 I 000 000 000 000 000 000 000 000 I
. 30 I 000 000 000 000 000 000 000 000 1
I 6 50 I 000 000 000 000 000 000 000 000 I
1 70 1 000 000 000 000 000 000 000 000 1
I 90 1 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 0,10 0.00 I

8 I 50 1 000 000 (00 (300 000 000 000 00
- 70 1 000 000 000 000 000 000 000 000 !
I 90 1 000 000 (00 000 000 000 0( 000 1

1 10 I 000 000 000 000 000 000 000 000
I : 0 I 000 000 000 000 000 000 000 000 I
1 10 50 I 000 000 000 000 000 000 000 (0( I
I 70 I 000 000 000 000 000 000 000 000 I
1 90 1 000 000 000 000 (.00 000 (000 13(3 -
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* Ceiling reflectance = 80% *

ILLUMINANCE FROM SKY V/I 1.25
NO BLLIN,i

I ROOM DEPTH I I
I WINDiOW HETGFir I WINDOW WIDTH / WINDOW HL1CGHT W , Il II I I "

I D /H %D I .5 1 2 3 4 6 8 INF I

I 10 I 000 000 000 000 000 00 000 000 I
I 30 1 000 000 000 000 000 000 00(; 000 1
1$ I 50 1 000 000 000 000 000 000 000 000 1
1 1 70 1 000 000 000 000 CO0 000 000 000 1

I 90 1 000 000 000 00 (00 000 000 000 1

10 1 000 000 .566 56? 570 000 000 00/ I
I 30 I 000 000 422 447 4I'6 000 000 000 1
I 2 50 1 000 000 285 321 337 000 000 000 1
I 70 1 000 000 204 242 26t 000 000 000 1
1 90 1 000 000 174 211 23 000 000 000 I

I 10 1 000 000 527 533 534 000 000 000 1
I 30 I 000 000 293 32',' 341 000 000 000 i
1 3 50 I 000 000 165 195 211 000 (P00 000 1
I 70 I 000 000 109 132 14/ 000 000 000 I

90 1 000 000 090 112 127 000 000 000 1

I 10 1 000 000 484 494 497 000 000 000 I
I 30 I 000 000 209 240 255 000 000 000 1
I 4 50 I 000 000 104 126 140 000 000 000 I
I 70 I 000 000 068 083 094 000 000 000 I
I 90 i 000 000 056 070 080 000 000 000 I

-10 I 000 000 000 000 000 000 000 000 I
I 1 000 000 000 000 000 000 000 000 I
I 60 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I

I 90 1 000 000 000 coo 000 000 000 000 1

I 10 I 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
I 8 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 10 50I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I

9 90 I 000 000 000 000 000 000 000 000 I

4

7 . . .. . . ... . . .. . .. ........ .. . . . ... . . . . . .. .. . .... .... . . .. ..... ...... . .. .. .. ..... .... . ...... . .. .

_* , 4 * * * 4 -- .*._ . • . , ,
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Ceiling reflectance = 80%

ILLUMINANCE FROM GROUND
NO BLINDS

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I" -

I D /H % DI .5 1 2 3 4 6 8 IN1- I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 00) 000 000 000 000 000 I
I 1 50 I 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 178 200 209 000 000 000 I
1 30 1 000 000 1?8 224 238 000 000 000 1
I 2 50 I 000 000 182 210 225 000 000 000 I
I 70 I 000 0001 155 182 198 000 000 000 I
I 90 I 000 000 128 153 167 000 000 000 1

I 10 I 000 000 175 197 207 000 000 000 1
1 30 I 000 000 171 197 211 000 000 000 I
I 3 50 I 000 000 126 150 164 000 00C 000 I
I 70 I 000 000 093 111 123 000 000 000 1

I 90 I 000 000 076 090 100 000 000 000 1

I 10 I 000 000 172 196 208 000 000 000 1
I 30 I 000 000 141 166 180 000 000 000 I
I 4 50 I 000 000 087 104 115 000 000 oco I
I 70 000 000 059 071 N079 000 000 000 1
I 90 I 000 000 050 059 065 000 000 000 I
--- 10 I-000-000-000-000-000 (300.000.00...

I 10 I 000 000 000 000 000 000 000 000 1
630 I 000 000 000 000 000 000 000 000 I

I 6 50 I 000 000 000 000 000 000 000 000 1
1 90 1 000 000 000 000 000 00 000 (000 1
I 10 I 000 000 000 000 000 00 000 000 I

I 30 I 000 000 000 000 000 000 000 000 I
I 80 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 I

10 1 0 000 000 000 000 000 000 000 1
I 0 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 1

r .-.- - *,, **., *- -, . . .. _, _. . .. . . ... . ... . .
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*** Ceiling reflectance = 80%

ILLUMINANCE FROM SKY THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 30

I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTII /WINDOW HFIGHT W / H I

*I I I"

I D / H % it I .1 2 3 4 6 8 XNF I

I 10 1 000 000 000 000 000 00( 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
I 1 50 1 000 000 OC0 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 300 (00 000 000 000 000 00 I

I 10 I 000 (000 5 015 000 000 000 000 I
1 30 1 000 00o 026 000 000 000 000 000 1I 2 50 I 000 000 025 000 000 000 000 000 I
I 20 I 000 000 022 000 000 000 000 000 I

I 90 I 000 000 021 000 000 000 000 000 -

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 3 50 1 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 0(0 000 000 000 I

I 10 I 000 000 0(0 (300 000 000 000 I
I 30 I 000 000 000 .000 000 000 000 000 I
I 4 50 I 000 (00 000 000 000 000 (00 ((0 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 1 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
I 6 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 ((0 (00 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 8 50 I 000 000 000 000 000 000 000 000 I
I 70 1 000 00) 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 10 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

!' "
iJ
al. ..
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Ceiling reflectance = 80%

ILLUMINANCE FROM SKY THRU COMPONENT j
HORIZONTAL BLINDS, ANGLE = 45

I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH WINnDOW HEIGHT W / H I
I I I "

P D , H % D I ,5 1 2 3 4 6 8 XNF I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 1 50 I 000 000 000 000 00) 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
S90 I 000 000 000 000) 000 000 000 000 1

1 10 1 000 000 00 00 000 000 000 000 I
I 30 1 000 000 1 0061 000 000 000 000 000 I

2 50 I 000 000 1006 000 000 000 000 000 I
I 70 I 000 000 1005 000 000 000 000 000 I
190 1 000 000 00 000 000 000 000 000 1

I 10 1 000 000 000 000 000 000 000 000 I
30 I 000 000 000 000 000 000 000 000 I

I 3 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

11-. 000 000 000 000 000 000 000 000 1
1 30 I 000 000 000 000 000 000 000 000 1
3 4 50 I 000 000 000 000 000 000 000 000 I

I 70 I 000 000 000 000 000 000 000 000 i
I 70 I 000 000 000 000 000 000 000 000 I

I 90 I 000 000 000 000 000 000 000 000 1
I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 70 1 000 000 000 000 000 000 000 000 I

1 90 1 000) 4) 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
I 8 50 I 000 000 000 000 000 000 000 000 I
1 70 I1 000 000 000 000 000 000 000 000 I

I 90 1 000 000 000 000 000 000 000 000 1

1 10 1 000 000 000 000 000 000 000 000 I
" 30 I 000 000 000 000 000 000 000 I
. I 0 O,50 I 000 000 000 000 000 000 000 000
I 10 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 O0O 000 000 000 000 I

. -I

.. .... • . , + _ : .-
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*** Ceiling reflectance = 80%

ILLUMINANCE FROM SKY -. THRU COMPONENT

HORIZONTAL lPLIN1,S, ANGL.E 60

................
I ROOM DF:PTH / I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

.';I I I

I D / H % L! I 5 1 2 3 4 6 8 INF I

I 10 I 000 000 000 000 000 000 000 000 I
1 30 I 000 000 000 000 000 000 000 000 I
I 1 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 ()0( I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 0001000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 2 50 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000I 000 000 000 000 000 I
I 90 I 000 000 000 I 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I ooo c 000 000 (00 000 000 I
I 3 50 I 000 000 000 000 000 000 000 000 I
. 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
30 I 000 000 000 000 000 000 000 000 I

I 4 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 000 000 000 000 000 000 000 000 I
I 6 50 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 004) 000 000 000 000 000 000 000 II 30 I 000 000 000 000 000 000 000 000 I
. 8 50 1 000 000 00o 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 00 000 000 000 000 000 0(0 I

I 10 I 000 000 000 000 000 000 000 000 I
1 30 1 000 000 000 000 000 000 000 000 1
I 10 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 00 000 000 000 000 000 I

. o

* * . .. . 3 4 . ' :3 i3 - . . . . - . . .. . .
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Ceiling reflectance = 80%

ILLUMINANCE FROM GROUND .-- THRU COMPONENT
HORIZONTAL )LINDS, ANOLE = 30

I ROOM DEF'TI ,' I I
I WINDOW HEI6HT I WINDOW WIDTH / WINDOW HEIGHT W / H I

I D / H % Dl I .5 1 2 3 4 6 8 INF I

-" I 10 I 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
1 1 30 i 00o 000 087 000 000 000 000 000 1
I 0 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 1

1 90 I 000 000 074. .000 000 000 000 000 I
I 30 I 000 000 087 000 000 000 000 000 I

4 I 30100 0 000 000o 000 000 o00 000o
I 3 50 1 00o 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I

1 90 I 000 000 000 000 000 000 000 000 I

..0 .000 000 000 000 000 000 000 000 I -
I 30 1 000 000 000 000 000 000 000 000 I

7 I 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I

I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I

I 60 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I

I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 30 I 000 000 000 000 000 000 000 000 I
I 80 I 000 000 000 000 000 000 000 000 I

I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 1 000 000 000 000 000 000 000 000 1

I 30 I 000 000 000 000 000 000 000 000 I

I 0 I 000 000 000 000 000 000 000 000 I

I0 1 000 000 000 000 000 000 000 000 

I 90 I 000 000 000 000 000 000 000 000 I

:,1
-- - - - - -

10 1 00 0.0 0 0 0 0 0

.. .. .. . 1 00 00 0 0 0 0 0 0
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ceiling reflectance = 80%

ILLUMINANCE FROM GROUND -- THRIJ COMPONENT
HORIZONTAL BLINriS, ANGLE = 45

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

4I I I . .

I D / H % D I .5 1 2 3 4 6 8 INF I

I 10 I 000 000 000 000 000 000 000 000 I-,-.

I 30 I 000 000 000 000 000 000 000 000 I
1 30 1 000 000 000 000 000 000 000 000 1

I 1 50 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 30 I 000 000 07 000 000 000 000 000 I
2 10 1 000 000 07 000 000 000 000 000 I

1 3 0 1 000 000 087 000 000 000 000 (000 1I 2 50 I 000 000 052 000 000 000 000 000 I
I 70 I 000 000 067 000 000 000 000 000 I
I 90 I 000 000 052 000 000 000 000 000 I

1 0 1 000 000 000 000 000 000 000 000 1
3 0 1 000 (000 000 000 000 000 000 000 1

1 9 0 I 000 000 000 000 000 000 000 000 1I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I -

I 4 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I
I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 00( 0(0 (00 000 1

I 6 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I
1 10 1 000 000 000 000 000 000 000 000 1
I 30 1 000 000 000 000 000 000 000 000 1
I 850 I 000 000 000 000 000 000 000 000 I ..-
I 70 1 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 I
I 10 1 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I

1 90 1 000 000 000 000 000 000 000 000 1
I 7 50 I 000 000 000 000 000 000 000 (0(003 I"'"

I 90 1 000 000 000 000 000 000 000 000 1
I 30 1 000 000 000 000 000 000 000 000 1
1 10 50 1 000 000 000 000 000 000 000 000 1 -
1 70 1 000 000 000 000 000 000 000 000 1 .
1 90 1 000 000 000 000 000 000 000 000 1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



*, . . . .° j -
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* ceiling reflectance = 80%

ILLUMINANCE FROM GROUND . THRU COMPONENT

HORIZONFAl.. )fLINIDS, ANGLE = 60

I ROOM DEr'TH I
I WINDOW HEI6H'f I WINDOW WIDTH / WINDOW HEIGHT W I H I

!.4 I I I

I / H % D I .5 1 2 3 4 6 8 INF I

1 10 1 000 000 000 000) 000 000 000 000 1
I 30 I 0( 000 000 000 000 000 000 00 I
I 1 50 I 000 04) 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 1

10 1 000 000 072 000 000 000 000 000 I
I 30 I 000 000 072 000 000 000 000 000 I
1 2 50 1 000 000 10601 000 000 000 000 000 I
I 70 I 000 000 046 000 000 000 000 000 I

9 90 I 000 0 00 035 000 000 000 000 000 I

1 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 1
I 3 50 I 000 000 000 000 000 000 000 000 I

70 I 000 000 000 000 000 000 000 000 I
90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 4 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 6 50 I 000 (00 000 000 000 (00 000 000 I
I 70 1 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 0 1 000 000 000 000 000 000 000 000 1
1 8 50 I 000 000 000 000 000 000 000 000
1 70 I 000 000 000 000 000 000 000 000 1

I 90 I 000 000 000 000 000 000 000 000 I

I 10 1 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
1 10 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 (300 000 000 000 (00 1
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* ceiling reflectance 80%

ILLUMINANCE FROM UNDERSIDJE OF EBLINDS (HIIDDEN f-FF.M SUN)
HORIZONTAL BLINDIS, ANGLE = 30

I ROOM DEPTH I I
I WINDOW HEIGHT I WINDOW WIDTH / WINnOW HEIGHT W / H I

.vII I -

%I H 7III .5 1 2 3 4 6 8 INF I

10 1 000 000 00() 000 000 000 000 000 1

30 I 000 000 000 000 000 000 000 000 I
I 1 50 I 000 000 000 000 000 000 000 000 I

70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 1

.... 0....000..000.26...000..000..000..000.000..10 I 000..000...24.000.000 ..000 .000 ..000.I
I 10 I 000 000 124 000 000 000 000 000 I
1 30 I 000 000 1 000 000 000 000 000 1

2 50 I 000 000 164 000 000 000 000 000 1

I 70 I 000 000 00 1000 000 000 000 000 I

90 000 000 095 000 ooo ooo 000 00

I 10 I 000 000 000 000 000 000 000 000 I
I 30 1 000 000 000 000 000 000 000 000 I

I 3 50 1 000 000 000 0 0000 000 000 000 1

I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 40 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I

-"I 9 0 I 000 000 000 000 000 000 000 000 I :I 10 I 000 000 (0ooo 000 000 0o ()oo 000 I

7 .0 1 000 000 000 000 000 000 000 000 1
I 690 I 000 000 000 000 000 000 000 000 II 70 I 000 000 000 000 000 000 000 000 I

I 90 I 000 000 000 000 000 000 000 000 I "
I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 50 I 000 000 000 000 000 000 000 000 I

I 0 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
30 I 000 000 000 000 000 000 000 000 I

, 10I50 I 000 000 000 000 000 000 000 000 I
I 0 1 000 000 000 000 000 000 000 000 I

" 1 0 1 000 000 000 000 000 000) 000 000 1

1 0 1 000 000 000 000o 000 000 000 000 1

I 90 I 000 000 000 000 000 000 000 000 I

SI.

.4.,4,, - ,2 - .- , ... . . . . . . - - . , . . . . .. . - . •

1~~ 10 50. 1 0 0 0 0 0 0 )) o
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ceiling reflectance = 80%

ILLUMINAN F FROM UNDERSIDE OF" BI.JN:S (HIIEILEN FROM SUN)
HORIZONTAL BLINDS, ANGLE = 45

I ROOM DF.PTH / I I
I WINDIOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I

I D H % it 1 .5 1 2 3 4 6 8 INF I

I 10 I (100 000 000 000 000 00 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 1 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

1 10 1 000 (000I 611-8 000 000 000 000 0 13
I 30 I 000 000 304 000 000 000 000 000 i
i 2 50 i 000 000 i1971 000 000 0(10 000 000 i
i 70 i 000 000 11451 000 000 000 000 000 i
1 90 1 000 000 121 000  000 000 000 000 1

I 10 I 000 000 000 0() 000 000 000 000 1
1 30 1 000 000 000 000 000 000 000 000 1
I 3 50 I 000 000 000 000 000 000 000 000 I
1 0 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
30 I 000 000 000 000 000 000 000 000 I

I 4 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 0(0 I.

I 10 I 000 000 000 000 000 000 000 1I
I 30 I 000 000 000 000 000 000 000 000 I
I 6 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 1

I 10 I 000 000 000 000 000 000 000 (00 I
30 1 000 000 000 000 000 000 000 000 1

I 8 50 I 000 000 000 000 000 000 000 000 I
I 70 1 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 1

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
1 10 50 1 000 000 (100 000 000 000 (000 ((0 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I
I 10 50-1-000 00-0-0-000-000-00---0---000 1

,. .., . .. .. . . .. . . . . . . . . . ' . : --:" . . . _ : - ;
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* ceiling reflectance = 80%

ILLUMINAN(:E FROM UNDERSIDE OF IPLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS, ANGLE = 60

I ROOM DFPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

'.:,I I I

I D / H % D I .5 1 2 3 4 6 8 INF I

.. 10 1 000 000 000 000 000 000 000 000 1
I 30 1 000 000 000 000 000 000 000 000 1
I 1 50 I 000 000 000 000 000 000 000 000 I
I 70 1 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 090 000 000 000 000 000 I
I 30 1 00t) 000 I339I 000 000 000 000 000 I
I 2 50 I 000 000 1229 000 000 0(300 000 000 I
I 70 I 000 000 172 000 000 000 000 000 I
I 90 I 000 000 .144 000 0(00 000 000 000 I

I 10 I 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 3 50 I 000 000 000 000 000 000 000 000 I
I 70 1 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 00) 000 000 000 000 000 000 000 I
I 4 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 6 50 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I

I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 8 50 I 000 000 000 000 000 000 000 000 I
1, I 70 1 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 0(( I
1 30 I 000 000 000 000 000 000 000 000 1
I 10 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 0(3300 000 1

..4
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* ceiling reflectance = 80% *

IL.L.IJMINANCE FROM TOPSIDE OF PL.INIS (EXPOSED ro SUN)
HIORI.'.ONTAL RI..INDSP ANGLE = 30

I ROOM DEPTI/ I I
I WINDOW HEIGHI I WINDOW WIDTH W WINDOW HE.I(HT W / H II I I.._

I ri / % % ti I .5 1 2 3 4 6 8 INF I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 1 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 0(0 000 000 000 I

10 1 000 (000 076 000 000 000 000 000 1
I 30 1 000 000 06 yi 000 000 000 000 000 I

1 2 50 1 (100 000 046 000 000 000 000 000 1
I 10 I 000 000 032 000 000 000 000 000 I
I 90 I 000 000 025 000 000 000 000 000 I

I 10 I 000 000 00 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
1 3 50 1 000 000 000 000 000 000 000 00(1I
1 70 I 000 000 000 000 000 000 000 000 I
1 90 1 (00 000 000 000 00(0 0(0 000 000

1 30 I 000 000 000 000 00( 000 000 000 I
1 30 1 000 000 000 000 000 000 000 000 1

4 50 I 000 000 000 000 000 000 000 (00 I
I 70 1 000 000 000 000 000 000 000 000 I
S90 1 000 000 000 000 000 000 0(00 (100 1

I 10 I 000 000 000 000 0(0 000 (00 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 6 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 00( (00 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 8 50 1 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 ((0 (00 000 I
1 10 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 (00 000 000 000 000 (00 000 I
I 90 I 000 000 000 000 000 000 000 000 I
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- ceiling reflectance = 80%

ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

HORIZONTAL BL.INS, ANGLE :w: 45

I ROOM DEPrTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H II I I

I D H Z I 5 1 2 3 4 6 8 INF I

to 1 000 000 000 000 000 000 000 000 1
•. I 30 I 000 000 000 000 000 000 000 000 I

I 1 50 1 000 000 000 000 000 000 000 000 1
I 70 1 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

1 10 I 000 000 0)41 000 000 000 000 000 I
I 30 1 000 000 038 000 000 000 000 000 1
1 2 50 1 000 000 026 000 000 000 000 000 1
I 70 I 000 000 018 000 000 000 000 000 I

9 90 I 000 000 014 000 000 000 000 000 I

I 10 1 000 000 000 000 000 000 000 000 I
3 30 I 000 000 000 000 000 000 000 000 I

3 I 50 1 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 I

1 10 1 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
1 4 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 I

1 10 1 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I
1 6 50 I 000 00.0 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 8 50 1 000 000 000 000 000 000 000 000 1
I 70 I 000 000 000 000 000 000 000 000 I
I 90 1 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 10 50 I 000 000 000 000 000 000 000 000 I

1 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

-4 -
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ceiling reflectance 80%

ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
IIORIZONTAL BLINDS, ANGLE = 60

I rooM IEP FH ," I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W I H I
I I I

I / D I .5 1 2 3 4 6 8 INF I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 1 50 1 000 000 000 000 000 000 000 0001
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 1

I tO I 000 000 019 000 000 000 000 000 I
1 30 I 000 000 015 000 000 000 000 000 I
I 2 50 I 000 000 010 000 000 000 000 000 I
1 70 i 000 000 007 000 000 000()000 000 I
I 90 I 000 000 006 000 000 000 000 000 I

I 1 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 3 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 1 000 000 000 000 000 000 000 000 I

I 30 I 000 000 000 000 000 000 000 000 I
I 4 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
1 30 1 000 000 000 000 000 000 000 000 II 6 50 1 000 000 000 000 000 000 000 000 1

I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

1 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 8 50 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I
I 10 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

,.-.
,,*4. _ . - ? .. .. ,. ''.... ; . . " . . .- - , _ , -. i . . , . / i . . . .: .- , -. . , , ;
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5. DAYCU2 Computer Program

The DAYCU2 package is written in ANSI-standard FORTRAN-77 and
has been implemented on the DEC VAX 11/780 minicomputer. The com-
piled binary code requires about 150k bytes of user memory for exe-
cution. The code consists of the three main programs DAYCU2,
SUNMUL, and SKYMLL; approximately twenty additional subroutines are
used. The entire source listing may be found in Appendix S.

5.1 Basic Equations

We obtain expressions for illuminance at any point in the room
by starting with the inverse square law for illuminance from a point
source: cd cosg

E rr--

where cd = candela
9 = angle between incident ray and a normal to the surface

where illuminance is being measured
r = distance from point source to target point
E = desired illuminance value

T7

z

_p.. (xoYoz O )

If we treat each point on the window as a point source, we can write
a double integral expression to yield the illuminance at any point in
the room due to the window, provided we know the brightness evident
anywhere on the window. Let (xoyoZO ) be the point in the room at

which we want to calculate E. The "cd" factor will always be

L(xz) Y where L(x,z) is the brightness evident

"'h t through point (x,z) on the window.

The "cosg" factor will vary according to the room surface which the
target point lies on. In addition we must account for transmission
loss due to angle of incidence (see section 2.1) -- we may write
this factor as T(x,z). In general the expression for E is then

E =J1 {L(xz) Y r 2cosg T(x,z) dx dz

T-r
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It is most convenient to perform a coordinate translation so that

(xoYoZ O ) becomes the origin for the integration -- this gives us

these integration limits:

x = -x x2 = x-x 0  z x z2z = Z -z0

If we wish to keep the contribution due to the sky separate from
that due to the ground (which we do wish), then we evaluate two
double integrals, the first with z-limits (-zo,O), the second with
limits (O,Z-zn ) -- these two evaluations give us the contribution
from the grouRd and sky, respectively.

Whenever illuminance must be calculated, a 2-dimensional
Simpson integration is used, with interval size chosen so that the
maximum interval dimension does not exceed 0.2 times the distance
from the target point to the window. In any case, however, the
number of intervals cannot exceed 50 in the z-dimension, or 200
in the x-dimension.

The Simpson integrand is formed as follows:

a) L(x,z) comes from the corresponding expression in 2.3, where

sin h = r= (x2 + Y2 + z2 )

b) T(x,z) comes from the expression in 2.1, with

sinf (x+zP) Yq r r o =7

c) The cosQ term varies with target room surface, as follows:

target surface cos .

west or east wall lxI-
r

south wall
r

floor or ceiling Ir
r
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5.2 Handling Venetian Blinds

Following are the basic techniques used to handle venetian blinds
in the program package:

1. From any point in the room at which it is necessary to compute
illuminance from the window, the proportion of the exterior which
is visible through the blinds is determined (Appendix D). This
proportion is then used to factor the illuminance due to the blinds-
free window.

2. The proportion of the exterior which is obscured by the blinds is
presumed to be "replaced" by the diffuse brightness of the blinds.
This process is carried out separately for both the top side of
the blinds (exposed to sunlight) and the underside of the blinds
(hidden from sunlight). In each case, after the final exitance of
the blinds surface (topside or underside) has been determined, the
total resultant flux is treated as being uniformly emitted from
the entire window-wall.

Quantitatively, the effect is easily computed by simulating the
blinds effect with that of the uniform sky or ground of the same
brightness as the blinds and factoring by the proportion of the
window which is obscured by the blinds side in question.

3. A flux transfer analysis is used to determine the exitance on each
portion of the blinds (topside and underside). The analysis ac-
counts for the reflectance of the blinds, the initial illuminance
on the blinds from sky, ground, and sun, and the blinds opening
angle. The exitance determined in this fashion is exclusive of
any interreflections within the room.

4. For purposes of flux transfer analysis among the surfaces of the
room, a constant blinds reflectance = 50% is assumed, and the
reflectance of the window-wall Is then

.5 s, ) , where ) is the blinds opening
angle

The above points should become clearer as the user goes through
the step-by-step procedure in the next section and through the ap-
pendices.

:!4

4.'

4



5 -4

5. Step-by-Step Procedure

This section outlines the logic flow of the program package.
It may be thought of as a prose flowchart. When no blinds are present,
each CU value in the table is intended to be multiplied by the ver-
tical illuminance at the window. When blinds are present, the CU
value is intended to be multiplied by the final exitance on either
the underside or topside of the blinds. When DAYCU2 computes the
tables, the vertical illuminance at the window is presumed to be
1000 fc; final exitance on blinds is presumed to be 1000 fL. Illum-

inance at each of the 5 room target points is then calculated --
these illuminance values, divided by 1000, are therefore the desired
CU table entries. The procedure follows:

I. The room is assigned height = 10 feet. Length and width are then
determined according to the ratios of length and width to ceiling
height.

2. Each room surface (except the window-wall = north wall) is par-
titioned into rectangular zones of equal size. For the indirect
(reflected) component calculation, each zone is treated as a
diffuse light source of constant exitance. The zone sizes are
chosen so that the longer dimension of any zone does not exeeed
0.2 times the largest room dimension.

3. Each zone from step 2 is assigned unit exitance; its illuminance
to each of the target points is computed (see Appendix B).

4. Illuminance from the sky and ground is computed at each ofa) every point on the room surfaces which lies at the center of

a zone from step 2.
b) each of the 5 target points on the floor.

This illuminance is computed using 100% window transmittance and
no blinds on the window. For each point, 6 values are saved: %

i) illuminance due to sky distribution V/H = 0.75
ii) " 1.00

iii) of1.25
iv) of 1.50

v) " 1.75
vi) illuminance due to the ground

Note that i) thru v) are computed assuming ground exitance 0;
vi) is computed assuming a completely black sky. These calcula-
tions employ the integral expressions discussed in section 5.1;
zenith luminance and ground exitance values used are derived in
Appendix G.

5. For the later blinds calculations, auxiliary tables are derived
from those of step 4. These auxiliary tables give the illuminance

* .'. -- . . .-
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at each zone center and target point due to a uniform sky of unit

luminance and due to a ground of unit exitance. One pair of tables
accounts for transmission loss due to angle of incidence; the
other pair does not. The former is used in computing the "through"
component from sky or ground; the latter are used in computing the
effect of blinds exitance.

6. The flux transfer coefficients for the room in question are com-
puted. The resulting matrix equation may then be solved for the
final average exitance on each room surface, provided the initial

* average illuminances on each surface are known. The flux transfer
matrix equation may be written:

2 -1 1 oF F 1F ( IF lIF L I  EI

2F21 -1 2F2 3  P2F24 t 2 F2 5  /9 2F26  L2  2E2

FF pF FLP3 31 f3 32 -1 0 3F 34  9 3F 3 5  3 36 3 -f3E3

"O4 41 /4F42 /4F43 t 4F4 5  4 4F46 L4 .4E4

10 5F5 1  ? 5F5 2  P 5F 53  i 5F5 4  -6 ( 5 F5 6  L5  5

/6F 6 1  &6 F6 2  e 6F6 3  t46 F 64 e6F 65 -1 L 6  -R6 E6

where L. = final (equilibrium) exitance of surface i

reflectance of surface i

Ei = initial illuminance on surface i

F.. = form factor from surface i to surface j. See Appendix C.

Note that the F depend only on the room geometry and hence are
completely determined at this point. The P, are each fixed, ex-
cept for ,2' the reflectance of the window- all. When no blinds
are present, ,g is assumed zero. Otherwise, 2 varies with
blinds reflectane and opening angle. Therefore at this point /2
is set to 1, so that the actual row 2 of the matrix may be deter-0

mined later simply by multiplying each entry in the row by the
true value of 02"

7. The table values for the various sky distributions and the ground
are computed -- windows are unobstructed. This is done by averag-
ing the initial illuminances at the centers of zones (from step
4). Then the flux transfer analysis described in step 6 may be
performed to yield the final average exitance on each room surface.

'!*
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The individual zone brightnesses are then adjusted in a manner
consistent with both the initial illuminance on each zone and the
final average brightness on the room surface. Once this is done,
the effect of the zones upon the target points may be calculated
using the multipliers from step 3.

8. For a given blinds angle setting, the proportion of sky and
ground which are visible thru the blinds from each zone center
and target point are computed. For example, a sky value of .27
would mean that for the interior point in question (either a
zone center or target point) .27 of the sky is visible from the
point; the remaining .73 is obscured by the blinds. Appendix D
discusses the determination of the visibility proportions.

At each blinds angle, the proportion of topside (exposed to the
sun) and underside (hidden from sun) of blinds is calculated.

9. For each blinds setting and type (horizontal or vertical blinds),
the following tables are calculated using the proportions deter-
mined in step 8:

Sky thru component
Ground thru component
Underside of Blinds component
Topside of Blinds component

For the sky and ground thru components, both sky and ground are
presumed to produce 1000 fc vertical at the window. For the
blinds tables, the exitance of both the topside and underside
is assumed to be 1000 fL.

5.3 SUNMUL and SKYMUL

The solar blinds multipliers are calculated by the program
SUNMUL according to the discussion in Appendix E.

The sky blinds multipliers and ground blinds multipliers are
computed by the program SKYMUL according to the discussion in
Appendix F.

-J
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. . . . . . . . . . . . . . . .



6-

.9'

6. Conclusions and Recommendations

It is felt that the work here has resulted in an extremely pow-
erful tool for predicting the effect of daylight in interior spaces.
The tables are easy to use, requiring only a few table lookups and
simple arithmetic; at the same time the tables are reasonably com-
pact while spanning a wide range of conditions.

The DAYCU2 package should prove itself to be a very versatile
research tool, since with minor modification it can permit the anal-
ysis of hypotheses which might possibly condense the total informa-
tion into fewer tables or even a series of analytic formulae. The
package might also be used to generate tables for other daylighting
conditions, such as wall reflectance other than 50%.

The following paragraphs discuss some recommendations and pro-
visos regarding the use of the tables:

6.1 Venetian Blinds and Direct Sunlight

When a strong solar illuminance is present on the window, extra
care is called for when applying the CU tables. Since the sun will
produce the dominant illuminating effect within the room any toler-
ances in assumptions or application will magnify themselves in the
predicted result.

In particular the user should be careful to ascertain the actual
reflectance of the blinds. He should also be mindful of the presum-
ption within the tables of perfectly flat blinds slats. If the slats
show substantial curvature the CU tables' predictions are likely to
be optimistic. Also, if the blinds surfaces are not predominantly
diffusing, substantial deviation is likely between reality and pre-
dicted result.

- Finally, it is worth stressing that the tables assume that no
direct sunlight enters the room. Therefore the CU tables' predicted
result for blinds opening angle =00 and solar profile angle = 30
will be substantially divergent from reality since in this case sun-
light can enter the room. Other combinations of opening angle and
profile angle can also result in the entry of direct sunlight into
the room.

6.2 Relationship of Blinds Reflectance to CU Values

In an environment involving venetian blinds, it seems that the
illuminance at a tarygt point would be proportional to the exitance
of the blinds. This is approximately true, with a few provisos.
First, the daylight entering the room between blinds slats must be
accounted for separately. Secondly, and more subtly,

9.'
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a change in blinds reflectance will influence the interreflection
calculations among the room surfaces. Since some of this interre-
flected light will have originated as daylight passing between
blinds slats, its effect will muddle the relationship between the
exitance of the blinds and the illuminance at the target points.

If we substract the effect of daylight entering between blinds
slats and if we ignore the effect of the blinds reflectance on sub-
sequent interreflections involving this directly-entering daylight,
we may examine the following hypothesis:

"The illuminance E at a target point which is due only to flux
reflected from blinds" is proportional to the exitance of the blinds."

To make use of this hypothesis we note from Appendix F that the exi-
tance L on blinds is

L 1 - 2Fl 2

If the illuminance is coming either from the sun or the sky, then
E = 0 and for given blinds opening angle the numerator is propor-
tional to For 100% blinds reflectance the denominator has
the minimum value 1 - .42 [approximately] = .84 For reflectance 70%
the denominator has minimum value approx. I - .72.42 = .92
These minima are for opening angles of 0 degrees. For other opening

* angles the form factor F decreases, so that the denominator in-
creases toward 1.

Since the denominator will be close to 1 in most cases of
interest, we may state that the illuminance at the target points

due to the exitance of the blinds will be approximately proportional
to the square of the reflectance of the blinds, except for ground
light, where E1 is not zero.

6.3 Window Smaller than Entire Wall

In many if not most applications the window will not occupy
the entire wall. In such cases the illuminance values predicted
from the CU tables should be adjusted downward by the fraction of
wall -rea which is occupied by window. For example, if the
windov, Is 5' x 8' and lies on a 30' x 10' wall, the proportion of
wall area occupied by window is (40/300) = 0.133... The predicted
target point illuminances should be multiplied by 0.133... If more

• than one window lies on the wall then their cumulative area is used
in determining the factor; only a single application of the CU
tables is necessary.

For windows centered on the wall, the CU predictions should bepessimistic when compared to reality; when the windows tend toward

room corners, the CU predictions should be optimistic.

,- "-,, '.-,-. .. -.. . ..-.. . .--. . : . . .. - ..-. . .. .. .-. '.•.-... -.- .... .
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6.4 Windows on More than One Wall

Where more than one wall has windows, the CU tables should be
applied separately for each wall which has windows; the results

., should be added. The user should be aware that since the CU tables
assume 50% reflectance on all walls except the window-wall, the CU
prediction is likely to be optimistic in cases where more than one
wall has windows. However, when venetian blinds are present the
actual reflectances will be closer to 50%, so the table predictions

"* should be more accurate.

Ilk
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A. Computing the Solar Profile Angle

The daylighting coefficient of utilization tables presented
here require the knowledge of the solar profile angle if it is
desired to use the tables for an application involving horizontal
venetian blinds. If vertical venetian blinds are used, the user
must know the solar azimuth 3ngle. In practice the azimuth angle
will be given or easily obtained; the profile angle is computed
from the known values of azimuth angle and altitude angle.

The azimuth angle is that angle between the outward normal
from the window-wall and the projection of the vector from the
window-wall to the sun onto the ground. The elevation angle is
the angle from the horizon to the sun. The profile angle for
the horizontal blinds case is that angle between the outward
normal from the window-wall and the projection of the vector
from the window-wall to the sun upon the vertical plane containing
the outward normal.

Let solar azimuth angle, z\ = solar altitude angle
(solar elevation angle)

Then the profile angle 3is given by

t-1~a
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B. Configuration Factors

The configuration factor C is the ratio of the illuminance at a
given target point to the exitance of a Lambertian surface, pro-
vided the point is illuminated exclusively by the surface. Two
cases are useful here: (1) the target point lies in a plane para-
llel to the surface, and (2) the target point lies in a plane
normal to the surface.

B.1 Parallel Target Plane

T J 1
-J* ~~~lZIIII

z

The configuration factor C is given by

C Z 2 _ dx dy
IF (x2 + y+

: F(xity j ) (-1 illj
1 •-

where
F(x,y) = x tan-I y + y tan-1 x.:, 7 Z2V 2 Z y -y,+z 2-,.

If the exitance of the surface is L fL, then the illuminance E is
simply E = LC.

4,.
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B.2 Normal Target Plane

4-Y

z

rll
4,2,

4...,.J ,,, / - Y

-V-

.'+? +Z

"." 2 Z '
i1 '

. If the exitance of the surface is L fL, then the illuminance E is

simply E =LC.

;9..,I

-- ",4F4x4y) - ta - 4
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C. Form Factors

The form factor from one surface to another is the proportion of flux
leaving the first surface which is incident upon the second. The fol-
lowing treatments give the form factor F from surface I to surface
2 for the cases where the two surfaces ai either parallel or normal:

C.l Parallel Surfaces

1 22
%..surface 1

7- xI  x2 "

z

-v

2;-- 1

z

t4 yx I

1 2 du dv dx dy
F12 -A , fa (x-u)2 + (y-v) + z').

Z 2A I I2 H(ui'vj'xk'Y m) (-)i+j+k+m

2irA 4*Ij~ik. '-I -1

where

1 b 1  aH(u ivjxkY m ) = bil+ae tan- -l+a 2 + afl+b tan- I '

- in (1+a2+b2)

a =1 (Xk- ui)
1"

b (y- v.)WO z m j

A : area of surface I

I °
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C.2 Normal Surfaces

xx

1 1
" U race

%-ii

sur-
Z2  face z

2
z 2"

.I (x-;) (i-z) dv dz dx dy
12 *rA +  (y-v)Z + 2- ) 2

F
°
2

1 21. G(vjizj xkYm) (- 1)i+
j+k+m

where

1 a22G(VZjXkYm) = a Vc+ tan- - + *(a2-b-c 2 )ln(a2 +b2 +c')

a = Ym - vi

b = zj

C =xk -x

A = area of surface 1 = (x2-x1)(Y2-y1)

x = x-coordinate of surface 2

z = z-coordinate of surface 1

6' %,

.
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D. Proportion of Sky and Ground Visible through Blinds

'44

/ y
- - -

z 1 - 1.15sin r
1.15cos-.

a view point
A /z

/ /

t5'. - /.

z =-Y tanr 0

7
S/

B 7 0,
7 ,
7,

I-Y + 1.l5sin r
1.15cos

p----- Y ......

We need to know the proportion of the outside environment (sky
and ground) which is visible through venetian blinds. In the sketch
above let the view point have z-coordinate zero and let its distance
from the blinds be Y. V" is the opening angle of the blinds.
Divide the blinds into regions, A and B, and note that above region
A and below region B, nothing outside is visible from the view point.
Also note that the "topside" of the blinds are visible in region B,
while the "underside" are visible in region A.

-........ .. . .. .,.................-.... . . . :'
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D-2

Cross-section view of two blinds
'- vanes in region A

I b

iii

The sketch above graphically illustrates the view position
into region A. We assume that the blinds have width equal to 1.15
times their spacing and that Y is large compared to the blinds
width. The proportion of the exterior which is visible is then

1.15 sinr - 1.15 - cos.'

Over the entire portion of region A in question, then the proportion
visible is

(1 -1.15 sin. - 1.15 cos.) dz

Cos 22(1 - 1.15 sinr ) (z2 - z1) - 1.15 o2y (z - z)

where z and z are the lower and upper limits of the subset of
region 'A in q~estion. In practice a proportion of sky visible is
computed separately from a proportion of ground. For the sky we
have z1 = 0 and z2 cannot exceed (1 - 1.15 sin)

1.15 cosr

For the ground we have z2= O and z cannot exceed -Y tan -

,..,-...... ..... 2........" . .
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* view
point

.4. /

- Cross-section view of
two blinds vanes in

r ~, region B

b/

c/

I le

11

The sketch above illustrates the view position into region B.
We again assume blinds width:spacing ratio = 1.15:1, and that Y is
large compared to blinds width. The proportion of the exterior vis-
i i

We ~ +gi asm blid w=Idth.1spain +ai 1.15:1 Cos t ha Y

Over the entire subset of region B in question, the proportion is

(I + 1.15 sinr + 1.15- cosr ) dz
Cos 'r (Z _Z)

= (1 + 1.15 sin'r ) (z - z + 1.15 cosz
(2  z1  2Y ( 2  1 ~

where zI and z2 are the lower and upper, respectively, limits of

the subset of region B in question. Since only the g(ound may be
5. visible through region B, zI1 can be no less than y ' 1.1 5 sin-)i

and z2 cannot exceed -Y tan r. 1.15 cos

411

4°

A . . ,

• .''.,.''.. " .-. :.-. -. . "' .''. . "" '- -.' -" - " i " . .i -i -" i " .' -" " "... ." . " ".'
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* E. Exitance on Blinds due to Sun4li ht

Blinds are treated as being of I.1fi: widtk .cspacing, and in-
finite length. We are interested in determining to exitance on
the underside and topside of each vane.

/'I

/ ''

/

surface.

surface " 2

Refer to the above cross-sectional view of 2 adjacent vanes.

vane. Therefore, the required exitances are determined by a three--

surface flux-transfer analysis. Surface 2 is that portion of the
lower vane which receives sunlight; surface 3 is the remaining por-
tion of the lower vane. The flux transfer equations in matrix form
are:

-1L 1 -E "

F -1 L -,EF21 -i 2-,

pF 3 1  0 -1 L3 0

We solve for each L. using Cramer's Rule:
1

E1 + pFI2 E2L 1 1 - F12 - 2 F2 -

2 21 F 3F 31]

2 331 IF 12F21

L= F
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1 31 2 12 31
Z~l~l13 31 - 1

2
12F211

where / = reflectance of blinds

F.. = form factors
ij

L. = final (equilibrium) exitance of the three surfaces

E- = initial illuminance on the surfaces from direct
1 sunlight

It remains to determine the FiJ form factors. Refer to the
figure below:

surface 1 T

z = cos at

surfacesurface
surac 2 surac

°KY

i .. .... I .. .......... .... I. -- ... ..
0 v v2  1.15 v +1 15

Determination of the form factors F and F are special cases of
the general formulae which are give z in se ion C.1 . Here we
have yl = 0 and Y2 = 1.15, with x, and uI running to negative in-

finity, and x2 and u2 running to positive infinity.

The v-limits are as shown in the sketch above; note that v = sin r
where ,' is the blinds opening angle. Evaluating the genelal-case
integral expression for parallel-surface form factors and taking
the limits as the x and u limits tend to infinity, we get:

13 /2 -VZ2 -'/?Z Il 5v+Z2 i(1lv)2z ]
F13 = 2.3

The expression for F follows by changing the integration limits
12

(vlv 2 ) to (v 2,v+lIIS). The computation of v2 is discussed on the

following page.

I'i: ,; ..- . . . '' ''-'- '-'- '- .. .. - .,., .. -. - -- . - . - .- - . - .. . . . . . - - . . . -
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/

f -

--

A. _

4..

01

--- 1

To determine the quantity v2 for the form factor calculation, we
must compute the length a as shown in the sketch above. V'is
the opening angle of the 51inds, c is thesolar profile angle.
After applying some trigonometry, we obtain:

a3  1.15 cosrtanoL + sin r

and v2 = sinY + a3 .

Finally, we must compute E Note that no sunlight reaches
either surface I or 3; hence EI = E3 = 0. To compute E2 we

let B be the vertical illuminance on the window from direct sun-
light. Assigning unit area to the window, this means that B lumens
fall on the window. The illuminance E is then B divided by the
area of blinds exposed to sunlight, or 2

E2 1.15 - a3 - B (cos rtano( + sinr)

The average final exitance on the topside of the blinds is

topside - 2(1.15-a3) + L3a3) / 1.15

I2

,. - . -. .
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F. Exitance on Blinds due to Sky or Ground

4,N5

surface 1 ---

inside <-----
room

surface 2

Cross-section view of 2 adjacent
blinds vanes

We seek to determine the equilibrium exitance on the side
of the blinds visible from within the room. We accomplish this
with a 2-surface flux-transfer analysis: surface I is the under-
side, surface 2 is the topside of two adjacent vanes. The matrix
form of the flux transfer equations is:

wh F 12  - L j E ;

wher p = blinds reflectance
F = form factor from surface 1 to surface 2 (in this case

* 2 we have F -_

12 F2 1)
L. = final (equilibrium) exitance on surface i

Ei = initial il.;minance on surface i

We may solve for and L2 using Cramer's Rule:

E 1 +9 E 2F121 2[ + PEI F12 ]
012 1

The form factor F is obtained from the expression for F in
Appendix E -- setting v2 = v + 1.15 = sinr + 1.15 in that
expression, we get

12 - 25 - 2.3 sin +f2.3225 + 2.3 sin7" -23

.4'

-,. , - . 3.., - . .
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F.1 Initial Illuminance on Top of Blinds due to the Sky

z 1 - .575sin r

'V Z2:- .75o

/

• "L z = 0

To compute illuminance E2 at point p due to the sky, we treat the
sky as ai infinite x-z plane at distance y = I from p. The
plane's exitance L is the same as the uniform sky brightness.
The limits of integration are (-' ,cC ) in the x-direction, and
(O,z2 ) in the z-direction. Assign p the (x,y,z) coordinate loca-
tion (0,0,0); the illuminance at p from a point candlepower source
at (x,l,z) on the infinite plane is

E=L isin r + z cosYI wr r -z
E - r r r2  where r=Vx2 +1 +Z

Hence the illuminance E2 from the entire infinite plane is

E sin) -+ z cos.)- dx dz2 2

- I q r
L sin " ( ( dx dz L cosr zdxdz

- t(W + I + zI) + -" ,. (x' + 1 + z)

These two double integrals are special cases of those integrals
leading to the configuration factors; i.e.,
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L sin ir f dx dz+ L sn) tan
- 2 -V z+1 tan q -T-j-3

Lcos zdx dz+ LC Pr-± tan *a

+1) ~ ~~ -2r f+1 V+

.4E L sin( r- z 2  L cos-r1
2 2'lr +Z + ti- (

where = 12~5~
'Co

"7
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F.2 Initial Illuminance on Top of Blinds due to the Ground

z

z 1

yO 0y, cot r

Here the ground is an infinite x-y plane of uniform exitance L.
For convenience we assign the infinite plane a distance z = 1
from the target point p. Proceeding in similar fashion to the
previous section, we obtain

E 2 = S+2 y sin.Y'-cosr dx dy

- sirj' dxv Lc J

2 2 r r) r

'-" 5 I &

L (sin r OD cox( dyL o>rx
z "

Y,, +] W X +

L. I

where y cot '
1 - . . . . . . .... . . . . . . . . . . . . . . . .

:.. Hee te goun i aninfnit x- plneof nifrm xitnc L.-



F"5

F.3 Initial Illuminance on Underside of Blinds due to the Ground

z

Ty
I J.

z=1 N.

i '.

0 y .575cosT
1 1 + .575sinT Y2= cot r

Again we treat the ground as an infinite x-y plane of uniform
exitance L and at distance z = I from the target point p.
We have

S o 1 COS - y sin): E2 =T r'j j r r

. _L cosr dx dy ) L sin r" y dx dy .
" 1 (X2 + y2 771) 'f (x' + y, +1)

-"1
S= [Os((rK -yy ') - sin _ 1bi"

.57S cgs r ,
where Y 1 + ,,

Y2= cot 

-

,..-.... .. ,-.,.,-... ..-.-.-. .-. .... ..... .. .,.. . . . . . . . ... . . ,. , - . . - -, -. .
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G. Zenith and Ground Brightness to Produce 1000 fc Vertical Illuminance

P

The calculations which involve the sky distributions require
knowledge of the zenith luminance L z; calculations involving the
ground require knowledge of the zground exitance L . The
sketch above illustrates the coordinate system used tog arrive at

. Lz and Lg * is the azimuth angle, 9 is the elevation angle of

... the point p in the sky. Either the sky or-ground may be treated as

... a quarter-sphere of unit radius. Therefore the vertical illuminance

E is

E .f E L(--) Cos2 g sinO dO d9

where L(9) is the brightness of the sky at angle 9 above the horizon. .Using a 32-interval Simpson approximation for each different sky dis-
tribution, the following values of L were obtained:

z g

uVertical/Horizontal lluminance L ef t)

-. 0.75 3373.1

-- 1.00 2000
[ ' 1.25 1170.9

i 21.50 839.6

1.75 643.55

The ground may be treated in exactly the same way as the uniform sky,
twseyielding

L 0 2000 fL

1.2 110.

1.5 89.

1.5 435

*1 Th rudmy etetdineatytesaewya heuiomsy
yiedin'L-:L. :. :.:,o ... ..L .. .2000- •

"' - '' ' " " ," " .. . . " - - , ", - " " . ---' . - ,' - .. .'. '. - - i .-'g"
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S I

C GENERATE DAYLIGHT COEFFICIENT OF UTILIZATION TABLES

C ... PROGRAM VARIABLESPARRAYS IONS

C A SCRATCH MATRIX FOR FLUX TRANSFER CALCUL.ATIONS
C FL FINAL EXITANCE ON UNDERSIDE OF BLINDS

C DIRECT(IJ) - DIRECT ILLUMINANCE ON TARGET PT I FROM SKY J
C E(IJ) - CONFIGURATION FACTOR FROM ZONE I TO TARGET PT J
C E1GR - I.LUMINANCE ON UNDERSIDE OF BLINDS FROM GROUND
C FISKY(I) ILIUMINANCE ON UNDERSIDE OF BLINDS FROM SKY I
C ElSUN(I) - ILLUMINANCE ON UNDERSIDE OF BLINDS FROM PROFILE I
C E2GR
C ESKY - SAME AS El, ONLY FOR TOPSIDE OF BLINDS
C E2SUN
C F - AUXILIARY TABLE FOR CONFIGURATION FACTOR CALX
C FF(I) - FORM FACTORS BETWEEN BLINDS FOR BLINDS SETTING I
C FTM - MATRIX OF COEFFICIENTS FOR FLUX TRANSFER SOLUTION
C F12,F13,F21,F31 - FORM FACTORS AMONG BLINDS FOR SUNLIGHT CALX
C IBTYPE - I HORIZONIAL BLINDS, 2 = VERTICAL BLINDS
C LENGTH - ROOM DEPTHS
C LOWER(I) - It.LUMINANCE ON ZONE I FROM GROUND
C LZ(I) - ZENITH LUMINANCE (FOR SKY I) 10 GIVE 1000 FC VERTICAL
C NPIV - ROOM PISCRETIZATION PARAMETERS
C OFILE - OUTPUT FILE NAME
C PTRA(l) - POINTS TO 1ST ELEMENT IN ARRAYS (E, UPPER, E1Co)
C FOR ROOM SURFACE I
C PTRZ(I) - POINTS TO LAST ELEMENT FOR ROOM SURFACE I
C PVISL(I) - FRACTION OF GROUND VISIBLE THRU BLINDS FROM ZONE I
C PVISU(I) - FRACTION OF SKY VISIBLE THRU BLINDS FROM ZONE I
C PVISUN(I) - FRACTION OF BLINDS UNDERSIDE NOT VISIBLE FROM ZONE I
C PVISTO(I) - FRACTION OF BLINDS IOPSIDE NOT VISIBLE FROM ZONE I
C RAT - RATIO OF ILLUMINANCE (AT CENTER OF ROOM) FROM INFINITE-
C WIDE WINDOW : 80'-WIDE WINDOW

* C RHO - ROOM SURFACE REFLECTANCES
C RHOB - BLINDS REFLECTANCES
C ROOND - ROOM DIMENSIONS
C CU(IJpKL.) - CU VALUE FOR TARGET PT It WINDOW WIDTH Jr ROOM
C DEPTH K, CONFIGURATION L
C TEMP(I) - TEMPORARILY SAVES CU VALUE AT IARGET PT I
C TPVIS(I) - FRACTION OF SKY VISIBLE THRU BLINDS FROM TARGET PT I
C TPVIST(I) - FRACTION OF BLINDS TOPSIDE NOT VISIBLE FROM TARGET PT I
C TPVISU(I) - FRACTION OF BLINDS UNDERSIDE NOT VISIBLE FROM TARG PT I
C LINITL(I) - CONFIGURATION FACTOR FROM GROUND TO ZONE I
C UNITIJ(I) - CONFIGURATION FACTOR FROM SKY TO ZONE I
C UNITTP(1) - CONFIGURATION FACTOR FROM SKY TO TARGEl PT I
C UPPER(IJ) - ILLUMINANCE ON ZONE I FROM SKY J
C WIDTH - ROOM (=WINDOW) WIDTHS
C XTPYTP - (XPY) COORDS, OF OF TARGET POINT
C ZEROS - 150 ZEROES
C
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S,PVJSL (150),PF")IS(150) vTPYIS(S) PE1SKY(7),PE[SKY(P),EXSUNU )

A ,FITsttt(5),F%ISrOCU0)TPVIST(5),r.PV1SU(b)

Ir4ftWF: FTRA(6) ,PTrZ7(6) .ND(V(3S) ,5KYBI[S(56)

£HARA:TEP OFILE*16,PAGE*20oDESC(2)$80
I NCI.bO S IMP ,NA'

i4.

DATA W'LI1H/5.,t0..203O.O 40~..60.1elOOO

g :Itr1tJG/1/ 1.Z/33 73 1 200 0, p1170,9, 839,6,6435,p3245. 3 11131

OpFN(Utlt4 41i'-.,'lE='SYSSINPLJ1',STATUS='UNKNOUN')

I 0 I f OPIIAT C/F IL.E NAME FOR OUTPUT?')
TXElI1002) /IWILE

1002 rC!RMAT(A)
OPEN( UNIT='2,FILEtOFILES1ATUS='UNKNOWN')

C OUTERMOST LOOP 1S ON ROOM DIMENSIONS
C

ROOMEI(3) 10.
WRITEC 1,1003)

1003 FORMAT(' -ENlER WIDTH RANGE, ILENGTH RANGE '

RF:AD(1,*) NW144U2,NL1,NL2
WIJMTEC 1,1004)

104 FORMAT(' -WHAT DISTRIBUTIONS T')
READ(Ii*) (SKYDTS(I)tI2lt8)
URITEC 1P1005)

1005 PCRMAT(' -ENTER 0 OR 1 FOR ANGLE OF INCIDENCE LOSS:')
rPrAC((1t) ITAU
WRITE ( 1 9l06)

1006 FORMAT(' -UPPERP LONER BLINDS ANGLE SEIIINGS?')
rrAllu,*) IBANfG1,IDANG2
WVI111E(I1.1007)

1I.Q7 F"ORMAT ' -WHAT RANGE (IF BLINDS TYPES'?')
REAO(1'$) IBTYrP1TYP2A
DO 200 IWID=NWliNW2
ROOMP~i) = AIIIN1(WIETH(IWID)t80#)
DO .200 lLk.rNIL1,NI..2
ROOMEIC2) L.FNGTH(IL.EN)

V
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C' IAT RATIO Or INFINITE WINDOW ILLUMINANCE TO 80' WIDE~
C WIN[DOW I.I.A.JMINANCE. AT CENTER OF ROOM

RAI =2.

lIVUWlD.EQ.8) RAT = RAItJ(#5*ROOMD(2))

C COMPUTE DISCRETIZATION PARAMETERS

ZSIZE = 0.2 S AMAXl(ROOMD(l)YROOMD(2)PROOMD(3))
DO 21 1=1,3

21 NDiIV() = I4 .999 S ROOMD(I) /ZS1ZF

E: COMPUTE POINTERS TO ZONE ARRAY
C

PTRA'1) =1
PTRZ(1) = NDIV(2) * NDIV(3)
PTRA(3) = 1 + PIRZ(1)
PTRZ(3) =PTRA(3) + NDIIV(2)*NDIv(3) i
PTRA(4) = I 4 PTRZ(3)
PTR7(4) zPTRA(4) + NDIV(1)*NDIV(3) - I
PTRA(5' = PTRZ(4) + 1
PTRZ(5) = PTNA(5) f NDIV(1)*NIIIV(2) - I
FIRA(6) =PTRZ(5) + 1
PTRJ.(6) =PTRA(6) f NDIV(1)*NDIV(2) - 1

C
C LOGOP TFHRU ZONES AND COMPUTE CONTRIBUTION OF EACH TO THE 5 TARGET PTS
C

XTP =.5 * ROUMD(I)
DO 42 1T1t5
YTFp (1.1 - #2*IT) *ROOMI'(2)

C C[U.IN ZONES

ZS0 = ROOMD(3) *ROOIID(3)
00 24 J=1)NDIV(1)+1
X = (J-1.) S ROOND(1) / NDIV(1) -XTP

SOX = SORT(X*X + ZSQ)
DO 23 I=19NDIV(2)+1
Y = (1-1l)*ROOMD(2) / NDIV(2) - YTP
SOY = SORT(Y*Y + ZSQ)
F(IJ) =(X *ATAN(Y/SOX) /SOX + Y* ATAN(X/SOY) /SOIY /6.2832

23 CONTINUE
24 CONTINUE

C

COMPUTE CONTRIBUTION FROM EACH ZONEI

DO 26 XIPNDIV(2)



YI= Yl
Yll YI + ROOMD(2)/NDIV(2)

E(L+PTRA(5)PIT) = 0,
E(L+PTRA(6)tlT) =F(IPJ) + F(I+1.J+l) -F(IpJfl) -F(I+1vJ))

26 CONTINUE
*27 CONTINUE

C
C NOW DO SOUTH WALL
C

DO 30 I:1,NDIV(3) + 1
SOZ = SGRT(YTP*YTP + ((I-1)SROOMD(3)/NDIV(3))S*2)
DO 29 J=1,NDIV(1) + 1
F(IPJ) =-YTP S ATAN(((J-1)*ROOMD(1)/NDIV(1)-XTP)/SQZ)/

29 S CZ S6,2832)
29 CONTINUE
30 CONTINUE

C
*C GET CONTRIBUTION FROM ZONES

C
L = PTRA(4) - 1
DO 33 J=1,NDIV(1)
DO 32 I=19NDIV(3)

E(LPIT) = F(IPJ) + F(I*1,J+1) -F(IPJ+1) -F(I+1,J)

32 CONrINUE
33 CONTINUE

C
C FINALLYt DO EAST AND WEST WALLS TOGETHER
C

DO 36 I1,NDIV(3)+1
SOZ = SORT(XTPSXTP +. (I-1)*ROOIID(3)/NDIV(3))t*2)
DO 35 J=1PNDIY(2)41
F(IJ) = -X7P * ATAN(((J-1)*ROOND(2)/NDIV(2) - YIP) /SOZ)
I / (SOZ * 6.2832)

35 CONTINUE
36 CONTINUE

C
C CONTRIBUTION FROM ZONES

c L = -1
* DO 39 Jz1,NDIV(2)

DO 38 1=19RDIV(3)
L = L +1I
E(LfPTRA(1)tll) = F(IPJ) +. F(I+lpJ+1) -F(IPJ+1) -F(I+2,J)

E(L+PTRA(3)PIT) xE(LIPTRA(Z)PIT)
38 CONTINUE
39 CONTINUE
42 CONTINUE

C
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C C!ThPUTE ILLUMINANCE TO ALL POINTS IN ROOM
C UIIITLUNITU.IJNrIP -- UNIFOCRM 'KY, WITHOUT INCIDENCE ANGL.E LOSS

* - ~C FIRSrp FLOOR AND CEILING

NL = -1
A DO 45 J=IYNDIV(l)

XTP =(J.)*ROIJMT(l) / NDIV(1)
DO 44 I=1,NDIV(2)
YTP = I,5 OOID(2) / N4DIV(2)
L L. I 1
'I -ANIN(XTFp4O.*(ROOIID(2')-YTP))
X2 =ANN'(ROOIDfl)-XTP.4O.*(RiOND(2)-YTP))
PO0 4s 1SKY=19-7
IF(SKYIS(ISKY).NE.1) '3010 43
UPPER(LtPTRA(S"PISKY) --RAT * RILLtM(X1.X2pO.pRDOMD(3)
1 R80flD(2)-YTPp5tISKYvlTAJvTAU) * LZ(ISKY)
UPPER(L4-PrkA%6)vlS.Y) =0.
IF(ISKY.NE.2&) GOTO 43
UNITU(L+PTRA(5)) = UPPLTR(L+PTRA(5)p2) /(TAU S L2(2')
UN[TU(L*PTRA(6)) = 0,

43 CONTINUE
LOWEP(LWPTRA(S)) = 0o
LOWER(LI-PTRA(6)) = tPPER(L+PTRA(5)v2)
tlNITLQ.+PN.RA(5)) 0.O
UNITL(LtPTRA(S6) =(itNrU(LfPrRA(5))

44 9:OTINUE
4 45 COIJTINIJE

C
C NEXT WEST WALL (AND EAS' WALL)
C

L =-1
DO 48 J=1,NDIV(2)
YTP =(J-.oS) * ROOMD(2) / NDIV(2):1DO 47 ~l'IV3
ZIP (T.)*ROOMD(3) / NDIV(3)

X2 =AMINI(ROOIID(l).40.*(ROOMD(2)-YTP))
DO 46 ISKY=IP7
IF(SKYDIS(ISKY),NEI) 6010 46
UPPER(L+PTRA(1)PISKY) :-RAT * RIl-LUM(O.tX2vO.tROOIID(3)-ZTP
I PROOMD(2)-YTPP1,ISKYPITAUPTALI) * LZ(ISKY)
UPPER(L+PTRA(3)PISKY) = IPPER(LfPTRA(I)PISKY)
ir(ISKYNE,2) 0010 46
UNITU(LtPTRA(1)) = UPPER(L4PTRA(1)p2) / (TAU SLZ(2))
UNITIJ(LfPTRA(3)) = INTTU(L+PTRAC1))

46 CONTINUE
LOMER(LiPTRAC1;) = RAT * RXLI.UM(O.,X2,0.,ZTPtROOMD(2)-YTP
I rlp2pITAUPTAU) L.27(2)

LOWER(L+FPTRA(3)) =LOWER(L#PIRA(1))
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UNITL(L+PTRA(1)) = LOWER(L+PTRA(1)) /(TAU *LZ(2))
UNITL(LfP1RA(3)) =UNITL(L+PIRA(l))

®r 47 CONTINUE
48 CONTINUE

C
C FINALLY, IE SOUTH WAL.L.
C

DO0 51 J=INIIIV(1)
XTP = (J-.5) * ROOMD(1) / NDV(l)

* DO 50 I=IFNDIV(3)
ZrP= (I-*5) *ROOMD(3) / NDLV(3)

X1 -AMINl(X1Pv40#*ROOMD(2))
X2= AIIl(ROOMD(l)-XTP,40.*ROOMD(2))
DO0 49 ISKY=1t7
IF(SKYDIS(ISKY).EG.1) UPPER(L+PTRA(4)PISKY) RAT
I RILLUJM(XlPX2,0.pRfJOMD(3)-ZTPPROOMD(2),4,ISKYITAU, IAU)$I.Z(ISKY)
IF(ISKY*EQ.2) UNIIU(L*PTRA(4))=UPPER(L+PTRA(4),2) /(TAU*LZ(2))

49 CONTINUE
A LOWER(L+PTRA(4)) = RAT *RILLUM(XlX2,O.,ZTPRDOMD(2),4t2tITAU

I ,TAU) * LZ(2)
UNITL(L+PTRA(4)) =LOWlER(L+PTRA(4)) / (TAU * LZ(2))

50 ONTNU

51 CONTINUE

C COMPUTE DIRECT ILLUMINANCE FROM WINDOW TO TARGET PTS

XTP =.5 * ROOMD(l)
DO 55 1=1,5
YTP =(#1131 - .1) * ROOMD(2)
X2 AMIMII(XTPP40.)
DO 54 ISKY=197
IF(SKYDIS(ISKY)#EO.1) DIRECT(JISKY) =RAT * RILUM(-X2pX2

ir(ISKY.EQ,2) UNlTTP(I) = DIRECT(I,2) / (TAU S LZ(2))
54 CONTINUE
55 CONTINUE

WRITE(DEBU6,2013) ROOMD(1)PROOMD(2)
2013 FORMAt(' ROOM: 'PF6#0t' X 'PF6.0)
C
C WRITE(DEBUGP2O06) ((DIRECT(IvJ)pJ=1,?)pI=lp5)
C2006 FORMAT(/' DIRECT To rARGET PTS:'/(1Xp,?F8.3))
C
C COMPUTE THE FLUX TRANSFER MATRIX, LOOP THRU BLINDS TYPES
C

CALL FTtIATR(ROGMDPFTM)
DO 57 1=1,6
IF(I.EO.2) GOTO 57
DO 56 J=PTRA(I)PPTRZ(I)
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PVISU(J) =1#
PVISLJ) =1.
IF(I.EQ,5) PVISL(J) =0.
IF(I.EO.6) PVISU(J) = 0,

56COTIU

56 CONTINUE

C
S 110 S8 1=1,5

58 TPVIS(I) 1.I
C
C READ THE LABELS INTO SPACE USED FOR SIMPSON INTEGRATION
C

OPEN(UNIT=3tFILE='LABsELS.NAV',STATrus.-'*oLD')
DO 62 1=1,56
READ(3P1010) ((RDESC(KqJpI)iK1,t20)pJ=1,2)

1010 FORMAT%'4Xy2OA4)
62 CONTINUE

CLOSE(LJNIT=3)
C
C COMPUTE ENTRIES FOR SKY AND GROUND TABLES THRU UNOBSIRUCIED WINDJOWS

.5. C

DO 85 ISKY=1,7
IF(SKYDIS(ISKY).NE#1) GOTO 85
CALL COMPE(FTMPAPVISUtPVISLuTPVIS,-15.,UPPER(1,ISKY)tZEROS
I PDIRECT(i ,ISKY),0.,0.,RHOCU(1,IWIDeIL-ENISKY)
I tPTRAPTRZPtJNIrUUNITL~UNrrrPE)

85 CONTINUE
11 C

C NOW THE DROUND TABLE
C

CALL COMPF(FTMAPVISUPV1SLPrPVIS,-1 * ZEROSLOWERZEROS,0. ,Q.
I tRHOCIJ(1IUIDILEN,8),PTRAPT*RZUNIIUIJNIT*LLjNITTPE)

C

C LOOP ON BLINDS TYPEP THEN BLINDS ANOLE

I C 1D0 100 IBTYPE=IBTYPIPIBTYP2
DO 98 IANU=I8ANG1IIANG2
ANG =15. * (IANG-1)
WRITE(DEBUG,2007) ANG

2007 FORM1AT"' BLINDS ANGLE 'YF'5.0)

C COMPUTE 2 VISIBLE FROM EACH POINT IN ROOM

CALL. SKYVIS(ROOMDNDIVPPRAPTRZPVISLPPVISU, IPVJS, IB'TYPE
I PANGPVISUNPVISTOPTPVISUTPVTST)

C.4C GET THRU COMPONENT - SKY

L = 8 + 6*(IBTYPE-1) + lANG
CALL COMPE(FTMAPPVISUtPVISLtTPVISPANGU)PPER(1,2)PZEROS



I tDIRECT(192)F0.i.5pRI4O*CU(1,IWIDPILENL),PTRAPTRZ
I tUNITUPUNITLPUNITTPPE)

4 SKYBIS(L) 1
C

C THRU COMPONENT -GROUND

L =20 + 6*(IBTYPE-1) + IANG
CALL COMPE( FTMPAPVISUPVISL PTPVISANGZEROSLOWERPZEROS,0.
I ,.5,RHIJCU(1IIIDILENL),PTRAPTRZIJNITUUNITLPUNITITPE)
SKYDIS(L) 1

C
C UNDERSIDE OF BLINDS
c

L =32 + 6*(IBTYPE-1) + IANG
CALL COIPE(FTMAPVISUNPVJSUNTPVISUPANGZEROSZEROSZEROS
7. .. 9HoC(PWDIENI)PRPTRPNTPNI*PNTPE
SKYDIS(L) = 1

C
C TOPSIDE OF BLINDS
C

1. =44 + 6*(IBTYPE-1) +I ANG
CALL COMPE(FTIIAPVISTOPYISTD, TP'ISTANGPZEROSZEROSZEROS
Z ,1O00.,,#3,RHOCU(1,1UIDILENL),PTRAPTRZUNITUIJNITLUNITTPE)
SKYDIS(L) I

98 CONTINUE
100~ CONTINUE
200 CONTINUE
C

00 210 1=1,56
IF(SKYDIS(I)#NE#1) GOTO 210
PAGE /

1008 FORMAT(20A4)
IRITE(DESC(2)P1008) (RDESC(Jv2pI)pJ=1v20)
CALL DFORMT(2tCU(1tlp1,I)tPAGE.DESCP2)

210 CONTINUE
STOP
END

C ---------------------------------------------------------
C COMPUTE RATIO OF INFINITE-WIDTH WINDOW ILLUMINANCE TO
C 80'-WIDE WINDOW ILLUMINANCE
c Y -Y-DisTANCE 1TO WINDOW
C

FUINCTION RATIO(Y)
=QY SQRT(Y*Y + 100.)

E00 (A'TAN(40,/Y) - (Y/SQYZ)SATAN(40*/SGYZ)) /3.14159
*RATIO = (.5 * (1#- Y/SQYZ)) / E80

RETURN
END

C-------------------------------------------------------------
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a,

C THIS ROUTINE PRINTS OUT A 'BASIC FORMAT' DAYLIGHT CU TABLE
C CU TABLE OF CU'S TO BE PRINTED
C DESC- N LINES OF DESCRIPTION TO BE CENTERED AT TOP
C PAGE - PAGE # TO BE PRINTED
C L.U OUTPUT DEVICE LOGICAL UNIT #
C

SUBROUTINE BFOFt'T(LUvCUpPAGEqDESCpN)
REAL CU(5p~87)
CHARACTER PAGE*20PDESC(N)SBOLINE*80,DH(7)*2,CH252

DATA DH/' 1'o' 2'p' 3'p' 4'p' 6'#' 8','10'/
c

WRI1E(LU,1001) PAGE
1001 FORNAT('I'//37XPA//)

C
" DO 10 I=IN
74; CALL CENTER(PESC(I)tLINEP80)

WRITE(LU#1002) LINE(1:LASN8(LINEv80))
1002 FORMAT(2XPA)
10 CONTINUE

C
C TOP HEADER INFO
c

WRITE(LUP1003)
1003 FORhAT(/12Xv59('-')

I /12X,'1 ROOM DEPTH / I'41XP'I'
I /12Xf'I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT

S ' U/HI' .

/12X,'I'r15Xp'I' 41Xp'I'
I/12X?'1 D / H Z DI .5 1 2 3 4 6'

1 ' 8 INF I'
Z /12XP59('-') )

C
C OUTER LOOP ON ROOM DEPTH / WINDOW HEIGHT RATIO

DO 50 K=197
DO 40 I=I5
CH2 =
IF(IEQ3) CH2 = DH(K)
IRITE(LUP1004) CH2P 20*1-109 (NINT(CU(IpJrK))vJ=1,8)

1004 FORNAT(12XP'I ',A2,6X,13t' I',8I5°3,' I')
40 CONTINUE

C
WRITE(LUP1005)

1005 FORMAT(12XP59('-'))
50 CONTINUE

RETURN
END

C -----------------------------------------------------------
C CENTER STRING 'A' IN STRING 'B'

A-

.,4

6,-:

4'" o -. "o : :; : :"; ::" :: ; .;i: " ": :: ' : : -:
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!c

SUBROUIINE CENTER(AtBPN)
CHARACTER A*8OrB*80

C
L 0

10 L=L+I
IF(A(L:L),EO' ,AND, L.LTN) GOTO 10
M = LASNB(APN)
B I I
I (N - (M-L)) / 2
B(I:I+M-L) = A(L:M)
RETURN~END

C COMPUTE ILLUMINANCE AT EACH TARGET POINT
C AA - ORIGINAL FIuX XFER MATRIX
C A - MODIFIED FL.UX XFER MATRIX
C PVISU - FRACTION OF UPPER WINDOW VISIBLE THRU BLINDS FROM ZONES
C PVISL - FRACTION OF LOWER WINDOW
C TPVIS - FRACTION OF WINDOW VISIBLE FROM TARO'ET P4S
C GAMMA - BLINDS OPENING ANGLE (NEGATIVE --> NO BLINDS)
C EUP INITIAL. E ON ZONES FROM SKY
C CLOW INITIAL E ON ZONES FROM GROUND
C ETP INITIAL E ON TARGET PTS FROM SKY
C BL - EXITANCE OF BLINDS
C kHOB - REFLECTANCE C:F BLINDS
C B RIGHT-HAND SIDE VECTOR
C RHO - REFLECTANCE OF ROOM SURFACES
C EANS - IL.LUMINANCE AT TARGET PTS (ANSWERS)

, C EUNU - ILLUM. ON ZONES FROM UNIFORM UPPER WINDOW
C EUNL - ILLUM. ON ZONES FROM UNIFORM GROUND (UNIT EXITANCE)
C FTPUN ILLUM. ON TARGET PTS FROM UNIFORM WINDOW
C ZONTP - E ON TARGET PTS FROM ROOM SURFACE ZONES
C

4... SUBROUTINE COMPE(AA,APV1SUPVISLTPVISGAMMAPEUPELOW
I ,ETPBLRHOBtRHOtEANSPTRAPTRZEUNUtEUNLEtPUNPZONTP)
REAL AA(6,6),A(6t6)tPVISU(150),PVISL(150),TPVIS(5)ELIP(150)
I tELOW(15O),ETP(5),B(6),RHO(6),E(150),EUNU(150)rETPUN(5)
I ,EUNL(150)
I ,RHS(6),EANS(5),FLUM(6),ZONTP(1505)
INTEGER PTRA(6),PTRZ(6)
I PDEBUG
DATA DEBUG/1/

C
C COPY FLUX TRANSFER MATRlX, ADJUSTING ROW 2 FOR EFFECTIVE
C REFL.ECTANCE OF WINDOW-BLINDS
C

SING = SIN(GAMMA/57.29578)
C RW = RHOB * SING

RW = .5 * SING

S.

,°?.i' .-. .-; -,', .'..'., .'' -..'.--. .'. .-. -- - .• - ., -- • - .. . .
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V.--

IF(GAMMALT',-O,01) RW = 0,
RHO(2) = RU
00 12 J=1,6
DO 11 1=1,6

It A(IJ) = AA(IJ)
A(2,J) = AA(2tJ) $ RU

12 CONTINUE
A(22) = -1.
RIIS(2) = 0.

C

C COMPUTE AVG INITIAL E ON ROOM SURFACES
C

DO 16 1=,6
IF(IEQ.2) GOTO 16
B(I) = 0.
DO 14 J=PTRA(I),PTRZ(I)
E(J) = EUP(J) * PVISU(J) + ELOW(.J) * PVISI.(J)
A + EUNU(J) $ BL * (1,-PVISU(J)) + EUNL(J) B l S (1.-PVISL(J))
B(1) = B(I) + E(J)

14 CONTINUE
B(I) = B() / (PTRZ(I)-PTRA(I) I)
RHS(I) = -RHO(1) * B(I)

16 CONTINUE
C-"'

C SOLVE THE FLUX TRANSFER MATRIXv THEN ADJUST FINAL ZONE EXITANCES
C

CALL GJORDN(AvRHS,FLUMv6)
DO 20 1=1,6
IF(I.EQ.2) GOTO 20
DO 18 J=PTRA(I),PTRZ(I)
E(J) = RHO(I) * (E(J) + FLUM(I)/RHO(I) -B(I))

18 CONTINUE
20 CONTINUE

C
C ADD THE ZONE CONTRIBUTIONS TO THE TARGET PT ILLUMINANCES
C

DO 25 K=1,5
EANS(K) = ETP(K)$TPVIS(K) + ETPIJN(K)*(FLUM(2) +BL*(1.-TPVIS(K)))
DO 23 J=PTRA(1)YPTRZ(6)

23 EANS(K) = EANS(K) + ZONTP(JYK) S E(J)
25 CONTINUE

C
RETURN
END

C---------------------------------------------------------------------A
C RETURN THE (COS THETA / (PI * D$*2) ) FACTOR FOR FORMATION
C OF THE SIMPSON INTEGRAND
C (XPYPZ) - POINT ON NORTH WALL (=WINDOW WALL)
C D - DISTANCE TO (X#YtZ)
C ISURF - SURFACE 9 (1=WEST WALL, ETC.)
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C
FUNCTION COSD2(X,Y,Z,DISURF)

C
GOTO (10920PIOP20#5050),ISURF -"

C
C WEST OR EAST WALL
C

10 CONTINUE
COSD2 = A88(X) Y Y / (D*D*D*D $ 3.14159)
RETURN

C
C SOUTH WALL

20 CONTINUE
COSD2 = Y Y Y / (D*D*D*D 5 3.14159)
RETURN

C
C CEILING /FLOOR

50 CONTINUE
COSD2 = Z * Y / (D*D*D*D $ 3.14159)
RETURN
END

C -----------------------------------------------------
C COMPUTE NORMAL ILLUMINANCE ON TOP OF HORIZ. BLINDS DUE
C 10 THE GROUND
C

FUNCTION ETG(LtSINGPCOSG)
REAL L
ET6 = 0.
IF(SINgot.To001) RETURN
Y1 = COSO/SING
SOY = SQRT(1.f YI*YI)
ETG = .5 * L * (SING/SOY1 - COS*(1.-Y1/SOY1))
RETURN
END

C--------------------------------------------------------
C COMPUTE NORMAL ILLUMINANCE ON TOP OF HORIZ. BLINDS DUE
C TO THE UNIFORM SKY
C

FUNCTION ETS(LpSINGpCOSG)
REAL L

Z = 10.**8.
IF(COSG.GT.0.01) Z = (1o-.575*SINU) / (.575*5(OSG)
SUZ = SQRT(1,+ Z*Z)
ETS = .5 S L * (SING*Z/SGZ + COSG*(1.-I°/SOZ))
RET URN
END

C --------------------------------------------------------
C COMPUTE NORMAL ILLUMINANCE ON UNDERSIDE OF HORIZ, BLINDS

**.;::::I:~. ~ - - - -
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C DUE TO THE GROUND
C SINGtCOSG - SINEPCOSINE OF BLINDS TILT ANGLE
C 1. - EXITANCE OF GROUND
C

FUNCTION EUG(LPSINGPCOSG)
REAL L
Yl = .575 * COSS / (1.+ #'575*SING)
Y2 =10.**8.
IF(SING.GT.0.01) Y2 = COSS SING
SOY1 = SQRT(1. + Yl*Yl)
S0Y2 = SQRT~lo + Y2*Y2)
EUG1 = 0.5 * L *(COSO*(Y2/SOY2 -Y1/SOYl)

I - SING * (1*./SQYl -- I./SQY2))
RETURN
END

C---------------------------------------------------------
C COMPUTE THE FLUX TRANSFER MATRIX
C

SUBROUTINE FTMATR(ROOIIDPA)
REAL ROOJID(3)vA(6p6)pRHO(6)
DATA RHO/#5t1.,.3,.5t.2t,8/

C
A(192" PERF'F(ROOND(1)PROOMiD(3),ROO1D(2))
A(IPS) = PERFF(ROOND(1),ROODID(2 ),ROOMD(3))
A(lp3) = to , 2, (A(1,2) + A(1,5))
A(2r1) =(ROOMD(2) / ROOMD(l)) * A(1i2)
A(2t5) = PERFF(ROOMD(2)PROOt1D(1)PROOMD(3))
A(2p4) 1.I - 2. * (A(2yl) + A(2t5))LaA(1,4) = A(1,2)
A(1,6) = A(IPS)
A(2v3) = A(2pI)
AC2t6) = A(2p5)
A(591) = (ROOZID(3)/ROOND(J)) * A(lp5)
A(592) = (ROOMD(3)/ROOMD(2)) * A(2t5)
A(5y3) = A(5o1)
A(5y4) = A(5p2)
A(5p6) = It - 2. *(A(5p1) + A(5t2))
DO 10 J1,F6
A(3pJ) =A(lvJ)
A(49J) =A(2,J)

.410 A (6 PJ) =A(5 9 J)
A(3,1) = A(1,3)
A(4p2) = A(2p4)
A(6p5) = A(SP6)

C
DO 20 I:1,6
DO IS J=1,6

18 A(I#J) = A(IvJ) *RHO(I)
A(Itl) = -to

20 CONTINUE



h.p.

S- 14

RETURN
END

C -------- R-T---------------------------------------------------------

c rom F FACTOR FOR 2 PERPENDICULAR ADJACENT SURFACES
C SOURCE SURFACE IN Y-Z PLANE, RECEIVING SURFACE IN X-Y PL.ANE
C

FUNCTION PERFF(XY,Z)
X2=X*X
Y2 =Y * Y
Z2 = Z * Z
TZ = .25 S (-Z2*L.OG(Z2) + Z2)
TX = .25 * (-X2*1,OG(X2) f X2)
SY = ,25 * (-Y2*LOG(Y2) +Y2)

* TXZ .25 * (-(X2+Z2)*L.DO(X2 Z2) + (X2+Z2))
TYZ Y * Z * ATAN(Y/Z) + .5 $ Y2 * I.CG((Y2*Z2)/Y2)
S -.25 .* (Y2-712)*LOG(Y2+Z2) + .25 * (Y2+Z2)
TXY = Y * X * ATAN(Y/X) + .5 * Y2 * LOG((Y2+X2)/Y2)
I -.25 * (Y2+X2)*LO6(Y2+X2) + .25 * (Y2+X2)
SOXZ = SORT(X2+Z2)
TXYZ = Y * SGXZ * ATAN(Y/SOXZ) + .5 * Y2 *

& LOG((X2+Y2+Z2)/Y2) - 25 * (X2+Y2+Z2) * LOG(X2+Y2+Z2)
I + .25 * (X2fY2+Z2)
PERFF = 2*(TX + TY + TZ + TXYZ) - 2.*(TXZ+TYZtIXY)
PERFF = PERFF / (Y*Z*6.2831853)
RETURN
END

C -------------------------------------------------------
C SOLVE THE MATRIX EQUATION AX = B
C (A IS DIAGONALLY DOMINANT)
C

SUBROUTINE OJORDN(A,B,X,N)
REAL A(6t6)pX(6),D(6)

C
DO 10 I=1,N

10 X(I) = B(I)
DO 25 I=1,N
R = 1. / A(I,)
DO 12 J=I,N

12 A(IJ) = A(IPJ) 2 R
X(I) = X(I) * R

C
DO 16 K=I,N
IF(K,E0.I) GOTO 16
0 = A(KpI)
DO 15 J=IPN

15 A(K,,) = A(KJ) - O*A(IJ)
X(K) = X(K) - Q*X(I)

16 CONTINUE
25 CONTINUE

RETURN
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END
C-.. .........- - --.. ......- -
C FIND LAST NON-t.ANK IN STRING 'S'
C

FUNCTION LASNB(SPN)
CHARACTER S*80

C
LASNB = N + 1

10 LASNB = LASN8 - 1
IF(S(LASNB:LASNB).EO.' ' *AND, L.ASNB.GT.1) (oro 1O
RETURN
END

C --------------------------------------------------------
C COMPUTE ILLUMINANCE FROM THE WINDOW TO A POINT IN THE ROOM
C (XlPX2) - X-LIMITS OF WINDOW
C (ZI,Z2) - Z-LIMIFS OF WINDOW
C ISURF - SURFACE POINI LIES ON
C ISKY - (1-7) IDENTIFIES SKY BRIGHTNESS DISTRIBUTION
C ITAU - 0 = IGNORE LOSSES DUE TO ANGLE OF INCIDENCE
C 1 = ACCOUNT FOR SUCH LOSSES
C ATAU - TRANSMISSION LOSS DUE TO ANGLE OF INCIDENCE
C

FUNCTION RILLJM(XI X2,ZlpZ2,YISURFISKYITAUATAU)
INCLUDE 'CSIMP.NAV'

c
C PARTITION WINDOW FOR SIMPSON INTEGRATION
C

ZSIZE = 0.2$ Y.
NX = 1 + NINI(1?9.9.#99*(X2-X1)/ZSIZE)
NZ = 1 + HINt(49,P#999*(Z2-ZI)/ZSIZE)
NX = NX + MODJ(NXP2)
NZ = NZ + MOD(NZP2)

C
C COMPUTE TABULATED VALUES FOR SIMPSON INTEGRATION
C

ATAU 0 0,
TAU = 1.
DO 15 I=1,NZ+l
Z = (I-1) $ (Z2-ZI) / NZ + ZI
DO 15 J=1PNX+l
X = 'J-1) S (X2-X1) / NX + X1
D = SORT(XSX + Y*Y + Z*Z)
CTH = COSD2(XYPZPDPISURF)
IF(ITAU.EQ.1) TAU = TL.OSS(XtYPZD)
FS(IPJ) = CTH * TAU * SKYBR(ISKYPX,Y,ZPP)
ATAU = ATAU + TAU

15 CONTINUE
ATAU = ATAU / ((NX+I)$(NZ+I))

C
C PERFORM SIMPSON INTEGRATION

*4t

g i
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RILLUM SIMP2(X2-XIZ2-ZINXNZ)
RETURN
END

C----------- - --
C EVALUATE A 2-DIMENSIONAL INTEGRAl. BY SIMPSON'S RULE
C DX - X-DISTANCE SPANNED BY COLUMNS
C DY - Y-DISTANCE SPANNED BY ROWS
C NX - # X INTERVALS (EVEN)

* C NY - Y INTERVALS (EVEN)
C F - FUNCTION VALUES

.C

FUNCIION SIMP2(JX,DYNXPNY)
REAL R(51)
INCLUDE 'CSIMP.NAV'

C
C INTEGRAIE EACH ROW

-* C

DO 25 I=INYI
R(I) = FS(I,1) + FS(INX+I)

C
DO 23 J=2pNX92

23 R(I) = R(I) + 4,* FS(ItJ)
C

DO 21 J=3,NX-I,2
21 R(I) = R() 2.* FS(ItJ)
25 CONTINUE

c C
C NOW INTEGRATE IHE INTEGRATED ROWS

SIMP2 = R(1) I R(NY+I)
DO 35 I=2tNYP2

35 SIIP2 = SIMP2 + 4.$ R(I)
C

DO 38 I=3,NY-1,2
38 SIMP2 = SIMP2 + 2$ R(I)

SIMP2 = SIMP2 S DX S DY / (9.*NX*NY)
RETURN
END

C C----------------------------------------------------------
C RETURN SKY BRIGHTNESS EVIDENT AT POINT (XYPZ) ON WINDOW
C WHICH IS IN X-Z PLANE
C D - DISTANCE TO (XYPZ)
C I - SKY DISTRIBUTION (1 --> V/H = 0.75, ETC.)
C ZENITH LUMINANCE IS ASSUMED = 1
C

FUNCilON SKYBR(IPXPYZPD)
REAL. C(S)PDENOM(5)

C
DATA C/0.,0,,-,6p-,26,-,13, DENOM/O.,O.#.45119,.22895,.1219/

L -..... . ... .. . . . . . 4. . . . . . .. . .. :-



S -17

C
GOTO (10v20t30t30y30#60v70)I

C
C V/N = 0.75 (OVERCAST SKY)
C

10 CONTINUE
SKYBR = 0.301

IF(Z,GTO.05) SKYBR = .301 + 1°273 $ EXP(-.6$D/2)
RETURN

c

C V/H = 1.00 (UNIFORM SKY)
C

20 CONTINUE
SKYBR = 1.
RETURN

C
C V/H = 1.25F 1.50t 1.75 (PARTLY CLOUDY TO CLEAR SKIES)

C' C

30 CONTINUE
TERM = 1.
IF(Z.GT.O,05) TERM = 1. - EXP(C(I)$D/Z)
SKYBR = TERM / DENOM(I)
RETURN

C
C TRADITIONAL OVERCAST SKY -- L = (LZ/3) S (1 + 2 SIN H)
C

60 CONTINUE
SKYBR = (1. + 2.*Z/D) / 3.
RETURN

C

C LATERALLY UNIFORM CLEAR SKY -- L 3 LZ / (1 + 2 SIN H)
C

70 CONTINUE
SKYBR = 3./ (1. + 2.*Z/D)
RETURN
END

C ------------------------------------------------------------
C FOR A GIVEN BLINDS ANGLE SETTING9 DETERMINE THE PROPORTION OF
C SKY VISIBLE AT EACH POINT IN THE ROOM
C

SUBROUTINE SKYVIS(ROONDNDIVPPTRAPPTRZtPVISL PVISUPTPVIS
I eDLTYPEOAMMAPVISUN.PvISrO.TPVISUTPVIST)
REAL ROOMD(3)PPVISU(150)PPVISL(150)PTPVIS(5)
I ePVISUN(150)PPVISTO(150)PTPVISU(5),TPVIST(5)
INTEGER NDIV(3)vPTRA(6)pPTRZ(6)vBLTYPE

SING = SIN(GAMMA/57°29578)
COSO = COS(GAMMA/57.29578)
TANG = SING / COSO

IF(BLTYPE.EG.2) GOTO 35

,:4- I. , , -.- , - -. . - . ., . . . . . .-,, ..,,,, ., , . -. .- . .. . ,• . - -
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C
C HORIZONTAL BLINDS -- START WITH FLOOR + CEILING
C PV = FLOOR QV =CEILING
c

DO 15 I=1,NDIV(2)
YP =(I-*5) * ROOtID(2) / NDIV(2)
PV = VISIBL(ROOI1D(2)-YP,0.tROOND(3)iSINGCSSPTANG)
QV =VISIBL(ROOIID(2)-YPt-ROOIID(3)tO.PSINGCOSOTANG)
ZT1 = -ROOMD(3)

* ZT2 = AlAXI(ZT19-(ROONII(2)-YP)*TANG)
VTO = VISIBL(ROOND(2) -YPZIT1PZT2iSINI3,COSGsTANG)
'U2 =0.
VON =VISIBL(ROOi1D(2)-YPZT2tZU2iSINOP(COSGFTANG)
RATIO = TSRAT(ZT29ZT,RO3IID(2)--YP)
DO 14 J=1PNDIV(1)
INC =(J-1)*I4DIV(2) i I - 1
PVISUN(PTRA(S)+INC) = I.- PV
PVISUN(PTRA(6)+INC) =(t#-VUN) * (ZU2-ZT2) / ROOMD(3)
FV'AIU(PTRA(5)fINC) = 0.
PVISTO(PTRA(S)*INC) = (I.-VTO) * (ZT2-Z11) S RATIO IROOMD(3)
PVISIJ(PTRA(S)+INC) = PV

A PVIL(PTRA(5)+JNC) = 0.
PVISL(FTRA(6)+INC) = OV

14 PVISU(PTRA(6)+INC) 0.O
15 CONTINUE

C
C NEXT, THE SOUTH WAL.L
C

DO 20 I=1,NDIV(3)
ZP =(1-.5) * ROOtID(3) / NDIV(3)
PV = VISIDL(ROOttD(2),0.,ROOMD(3)-ZPiSINGtCOSGPTANG)
QV = VISIBL.(ROOMD(2),-ZPt,STN09COSGiTANG)
ZT1 -ZP
ZT2 = AIAXI(ZT1,-RGOOKD2)*TANG)
VTO = VISIBL.(ROOND(2VZTI.ZT2,SINGC536,TANG)
ZU2 = ROOND(3)-ZP
VUN = VISIDL(ROOND(2),ZT2,ZLI2,S1NOCOSGTANG)
RATIO = TSRAT(ZT2tZTlROD(2))
DO 19 J1,PND1V(1)
L = PTRA 4 1 - 1 + (J-1)$NDIV(3)
PVISTO(L) = (2.-VTO) * (ZT2-ZTI) * RATIO / ROOKD(3)

PVISN(L)= (1.-'JUN) S (ZtJ2-ZT2) / ROOIID(3)
PVISL(L) = DV * ZP / ROOIID(3)

19 PVISU(L) = PV * (ROOIIDC3)-ZP) /ROONO(3)

C20 CONTINUE

C EAST AND WEST MALLS
C

L -1
DO 25 I=1,NDIVC2)



YP (1-.5) *ROOMiD(2) /NDIV(2)
DO 24 J=IrNDIV(3) /NDV)
ZP =(J-,.5) * RtJOtlD(3) I(

PV=VISIBL(ROOMD(l)-.YP,0.tROOMD(3)-ZPSINGCOSGTAN3)
?VY = ISIBL(ROOt1D(2)-YPP-ZPPO.rSINGCOSGTANG)
ZT1 = -Zr
ZT2 = AMAX1(ZTIP-(ROOtID(2)-YP)*TANG)
VTO = VISIBL(ROOID(2)-YPZTIPZT2rSINI3PCOSGTANG)
ZU2 =ROOMD(3)-ZP
VUN = VISIBL(IRDOI1D(2)-YPPZT2.ZIJ2,SING.COS(STANG)

*RATIO =TSRAT(ZT2tZTIPROOIID(2)-YP)
L =L.+ I
PVISTO(PTRA(1)*L) = (1.-VTO) * (ZT2-ZTI) S RATIO /ROOIID(3)
PVISTO(PTRA(3)+L) = PVISTO(PTRA(1)fL)
PVISUN(PlRA(1)+L) =(1.-VUN) * (7U2-ZT2) / ROOMD(3)
PVISLJN(PTRA(3)+L) = PVISUN(PTRA(I)+L)
PVISL(PTRA(1)+L) = OV * ZP / ROOIID(3)
PVISL(PT'RA(.3)fL.) = OV * ZP / ROOMD(3)
PVISU(FTRA(l)+L) = PV * (ROOt D(3)--ZP) / ROOIID(3)

24 PVISU(PTRA(3)+L) =PV * (RDOOD(3)-ZP) / ROOMlD(3)
25 CONTINUE

C
C FINALLY THE TARGET POINTS
C

DO 30 1=1,5
TPVIS(I) VISIBL((.2*I-.1)SROOKiD(2)P0.,ROOI1D(3)tSINGtCOSGtTANG)
TPVIST(I) = 0

30 TPVISU(I) Is -- TPVIS(l)
GOTO 60

C
C VERTICAL BLINDS -- FLOOR AND CEILING FIRST
C

35 CONTINUE
L -1
DO 40 J=IPNDIV(1)
XP = (.1-#5) * ROOIID(1) / NDIV(1
DO 39 I=lPNDIV(2)
YP = (I-*5) * ROOMO(2) / NDIV(2)
PV VISIDL(ROOND(2)-YPtXP-RDOIID(1),XPSINGCOSGTANG)
ZTI = XP - ROOlIU~i)
ZT2 = AMAXI(ZT1P-(ROftD(2)-YP)*TANO)
VTO = VISIIL(ROOND(2)-YPtZT.tZT2,SINGCOSGPTANG)
ZU2 = XP
VUN =VISIBL(ROOMD(2)-YPPZT2,ZU2,SINGPCOSGTANG)
RATIO =TSRAT(ZT2vZTlPROOMlD(2)-YP)
L =L + 1
PVISTO(PTRA(5)*L) = (1.-VTO) * (ZT2-ZT1) S RATIO /ROOIID(l)
PVISTO(PTRA(6)+L) = PVISTO(PTRA(S)+L)
PVISUN(PTRA(5)+L) = (lo-VUN) S (ZU2-712) / ROOIID(1) o
PVISUN(PTRAC6)tL) = PVISt)N(PTRA(5)+L)
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PVIStJ(PTRA(S)+L) =PV
PvisLJ(rTRA(6)+L) =0.
PVISL(PTRA(5)IL) =0.

39 PV'&SL(PIRA(6)+L) =PV
40 CONTINUE

C
C SOUTH WALL.
C

L = -1
DO 45 J=1,NDXV(1)
XP = (J-,S) * ROOND(1) /NDIV(l)
PV = VISIBL(ROOI1D(2)PXP-ROOflD(1),XPPSINGCSGuTAN6)
ZTI = XP - ROOMD(l)
Z72 = AIAXI(ZT~IP-ROOtD(2)*TANG)
VTO = VISIBL(ROOMD(2)PZT1.ZT2,SINGCOSGTANO)
ZIU2 = XP

VUN =VISIBL(ROOlD(2PZT29ZU2,SINGCOS6.TAN6)
1..RATIO = TSRAT(zr2vzT1PROD(2))

DO 44 I=ltNDIV(3)
L =L +
ZP = (1-953* ROOftD(3) / NDIV(3)
PVISTO(PTRA(4)+L) = (1.-VTO) *(ZT2-ZT1) * RATIO /ROOMDCI)
PVISUN(PTRA(4)+L) = (1.-YUN) *(ZU2-ZT2) / ROOIID(1)
PVISL(PTRA(4)+L) = PV * ZP / ROOMD(3)

44 PVISU(PTRA(4)+L) = PV * (ROORD(3)-ZP) / ROOMD(3)
45 CONTINUE

C
C VESTt EAST WALLS (PV = WEST WALLP R~V = EAST WALL)
C

L = -1
DO 50 J=1tNDIV(2)

* YP = (J-*S) * ROOMD(2) / NDIV(2)
PV = VISI3L.(ROOMD(2)-YPi-ROOMD(l)tO..SINGPCOS(6PTANG)
QV = VISI8LCROOND(2)-YPu0.,ROOMD(l)tSINOPCOSGTANO)
ZTltd = -ROOMD(l)
ZT2W = AtAX1(ZTIWP-(ROGtMD(2)-YP)*TANG)
VTWEST =VISIDL(ROOMD(2) -YPPZT1W:ZT2USlNGeCOSGTANG)
RATIO =TSRAT(ZT2WpZT1WPROOIIDC2)-YP)
ZU2W = 0,
VUWEST = VISIBL(ROID(2)-YPZT2WZU2WiSTNGCOSOTANG)
VUEAST = VISIDL(ROOMD(2)-YPO.,ROOND(I)uSINOCOSGvTANG)
DO 4YP I=1,NDIV(3)
L =1.+ I
PVISTO(PTRA(1)+L) a ;-VTWEST) * CZT2W-ZT1W) * RATIO / ROOMD(1)
PVISUN(PTRAC1)*L) m (1.-VUWEST) * (ZU2W-ZT2W) / ROOND(1)
PVISTO(PTRA(3)+L) = 0.
PVISUN(PTRA(3)4L) z 1., VUEAST
PIISU(PTRA(1)+L) = PY (ROOMD(3)-ZP) / ROOMD(3)
PVISUCPTRA(3)'L) z QV *(ROOMD(3)-ZP) / ROOND(3)
PVISL(PTRA(1)*L) z PY S ZP / ROOMD(3)

......... .~ .* < S .' .- .--
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49 PVISL(PTRA(3)+L) =OV * ZP /ROOMD(3)
50 CONTINUE

C
C FINALLY, TrE TARGiLT POINTS

DO 55 1=1,5
Y =(#2*1 - .1) *ROOMDC2)
TPVIS(I) =VISIBL(Y,-.5*ROOMD(1) , 5*ROOMD(I),SINCCOSU.TANO)
ZT1 -*5*ROOMD(1)
ZT2 = AMAXI(ZT'IP-Y*TANG)
VTO =VISIBL(YfZTlZT2pSINGiCOSGTANG)
ZU2 = 5*ROOMD(1)
VUN = JSIBL(YZT2,ZUJ2pSINGPCOSGTANC)
TPVIST(I) = (1.-VTO) * (ZT2-ZT1) / ROOMD(1)
TPVISU(I) = (I.-VUN) S(ZU2&-ZT2) / ROOMD(1)

)55 CONTINUE

C COMPLEMENT THE TOPSIDE--UNDERSIDE PERCENTAGES

60 CONTINUE
DO 62 I=PTRA(l)tPIRZ(6)
PVISUN(I) = 1.- PVISUN(I)
PVISTOCI) = 1.- PVISTO(I)

62 CONTINUE
C

DO 64 1=1,5
TPVIST(I) = 1.- TPVIST(I)

64 TPVISLJ(I) = 1.- TPVISIJ(I)
RETURN
END

C------- - - - -- - - - -

C FORM RATIO USED TO ACCOUNT FOR THE FACT THAT TOPSIDE OF
C BLINDS ARE ONLY VISIBLE SOME DISTANCE AWAY
C

rUNCTION TSRAT(X1,X2#Z)
TSRAr = 0.
El = 2./Z - 'A./SQRT(X1*X1+Z*Z)
E2 = 2s/Z - 2./SQRT(X2*X2+*ZZ)
iFCE2.GT.0.001) TSRAT = (E2-El) /E2
RETURN
END

'-C_ c---- ---.----......--. - - --------

C RETURN FORM FACTORS# INITIAL. ILLUMINANCE FROM SUN ON BLINDS
C SINGtCOSG -- SINEP COSINE OF BLINDS OPENING ANGLE
C TANA - TANGENT OF PROFILE ANGLE
C

SUBROUTINE SOLFF(SINGPCOSGPTANAE1,E2,Fi2.Fl3
I PF&'1,F31PFC)
F13 - 0,
F31 = 0.
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F21 = F12
X I. -- 1.15 $(SING f COSGSTANA)
El = 0.
E2 = FC / J.15
IF(X.GT.0.) E2 = FC * (1#-X) / 1.15
IF(XGT.O.) RETURN

c
A3 1.15 - 1./ (COSGSTANA f SING)
ZSQ Cosa * COSO
Ul = SING

U2 = U1 + A3
F13 = .43478 * (SORT(U2*U2+ZSD)
I .-SORT(UI*Ul+ZSQ) -SORT(( ll5-U2)**2 +ZSQ)
9 f SQRT((1,15-LI1)$*2 4 ZSQ))

U. C
Ul = U2
U2 = SING + 1.15
F12 = .43478 * (SQRT(U2*U2+ZSQ) - SPRT(UI*UI+ZSQ)
I -SQRT((1.I5-U2)*$2 +ZSO) + SURT((1,15-til)$*2 + ZSQ))
IF(A3.GT.O.0O1) F31 = F13 / A3
F21 = F1- $ 1.15 / (1.15-A3)
E2 = FC I (1.15-A3)
RETURN
END

C----------------------------------------------------------
C FUNCTION .IVfS LOSSES DUE TO IhCIDENT ANGLE ON GLAZED
C WINDOW. FORMULA IS FROM RIVERO, AS GIVEN BY BRYAN
C (JIES, JULY 1981, PP. 219-227)
C X,Y,Z - LOCATION OF PT ON WINDOW, RELATIVE TO IARGET PT
C D - DISTANCE FROM TARGET PT TO PT ON WINDOW
C

FUNCTION TLOSS(X,Y,Z,D)
TLOSS = 1,018 * (Y/D) * (1.4 (X*X+Z*Z)*1.5 ) / (D*D*D)
RETURN
END

C RETURN PROPORTION OF OUTSIDE SKY VISIBLE THRU BLINDS
C Y - DISTANCE FRON WINDOW TO TARGET PT
C ZIZ2 - Z-SPAN OF WINDOW
C SINGCOSGPTANG - SINE,COSINETANGENT OF' BLINDS OPENING ANGLE
C

FUNCTION VISIBL(YZl, Z2,SINGt'CSG'ANG)

Xl = -Y $ ( (1. + 1.15 * SING) / (1.15 * COSG)
X2 = Y * ( (1. - 1.15 t SING) / (1.15 S COSG)
VISIBL = 0.
IF(ZI.GEX2 ,OR, Z2,LE.X1 OR. Z2,LE.Z1) RETURN

XO = -Y $ TANG
Xl = AMAXI(ZIX1)

X2 = AMINI(Z2,X2)
XO = AMAXI(X1,ANINI(XOX2))

-,€ ::,:';-,:-;-.;';-.- -.-.;-,,',.;-..' ..- ,:-. .-.. ",,- -. -",- .-.:,--. -- -:'- .- :. " -: . ' - - .
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VISIBI (X2 -XI + 1.15*SING *(2,*XO -XI -XI)

A + (1.15*COSG/(2.*Y)) * (2.*XO*XO -X1*XI -X2*X2))
I (Z2-Z1)

* RETURN
* END

C
C COMMON FOR SIMPSON INTEGRANDp LABEL STORAGE
C

COMMON /CSIMP/ FS(51,201)
REAL. RDESC(20v2v56)
EOUIVALENCE (FSYRDESC)

C

C THIS PROGRAM COMPUTES TABLES OF MULTIPLIERS FOR EACH BLINDS
C ANGLE
C SOLAR COMPONENT

C
C CU(11JYKPL) - CU VALUE FOR PROFILE ANGLE It REFLECTANCE Jv
C BLINDS ANGLE Kp SIDE OF BLINDS L
C RHOB - YLINDS REFLECTANCE
C PROFA - PROFILE ANGLE
C BLINDA -BLINDS ANGLE
C FF - FORM FACTORS FOR EACH BLINDS ANGLE
C

P'ROG3RAM SUNMUL
REAL CU6~~2PRO )POF()BIDA6,*()LlL2rl-3
CHARACTER NAME*16

-) C
DATA RHOB/#1,.3t.5p,7t.9/p PRrFA/0.,15#p30.p45.p6O.p75./
Z ,BL.INDA/O.,l5.y30.t45.,60.,75./
I ,FF/.4556*.4445P.4114,.3572,.2835,iS'53/

C OUTER LOOP OIN BLINDS ANGLES
C

DO 100 K1,Y6
SING = SIN(I4LINDA(K)/57.2v578)
COSO = COS(DLINDA(K)/57*2957i)

C
C NEXT LOOP ON PROFILE ANGLES -- GET INITIAL ILLUM.p FORM FACTORS
C

Do 90 J=IP6
TANA = TAN(PROFA(J)/57,29578)
FCLOST = TLOSS(O.p1.iTANAtSQRT(1.+TANA*TANA))
F12 = FF(K)
CALL SOLFF(SINGtCOSG.T'ANAPE1,E2,F12tF13pF21,F31,1O0.*FCLOUS1)

C
C SAVE WIDIH OF BRIGHT STRIP ON TOPSIDE (SURFACE 2)
C

STRIP =1,151
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IF(J*K.NE.1) STRIP =1. /(COSI33TANA + SING)
STRIP =AMAX1(0.9AMINl(l.15pSTRJP))

C
C L.OOP ON REFLECTANCESP COMPUTE FINAL EXITANCES

[D0 80 I=1,5

RP RHOB(I)
LIENOtI 1. - R*R*'%Fl3*F31 + F12SF21)
Li R (El + R*F12*E2) /DENOM
L2 =R *(E2 + R*EJ*F21 -R*IR*E2*F13*F31) / ENOM
L3 = RSR * (E1*F31 + R*Ei*F12*F31) / DENOM
CU(JpIpN,1) =Li
CU(JPIFKP2) = (STRIP*L2 + (1.15-STRIP)SL3) /1.15

80 CONTINUE
90 CONTINUE
100 CONrIN4UE

C
C PRINT THE RESULTS

PRINT 1001
1001 FORMATW/ -ENTER OUTPUT FILE NAME:')

ACCEPT 1002tNAME
1002 FORMAT(A)

OPEN(UNIT=29FILE=NAIEPSTATUS='UNKNOWdN')
C 5

DO 120 M=1,2
WRITE(2, 1003)

1003 FORMAT( '1'//29XP'SOLAR BLINDS MULTIPLIERS')
IF(M.EO.1) IRITE(2pl004)

1004 FORMAT(/21X'-- UNDERSIDE, SURFACE HIDDEN FROM SUN -'

IF(M*EQ*2) WRITE(291005)
1005 FORMAT(/23X'-- TOPSIDE, SURFACE EXPOSED TO SUN -'

DO 110 K1,t5p2
bRITE(2P1006) NINT(BLINDA(K)),NINT(BL.INDA(K+2))
I , (NINT(PROFA(I) ) (NINT(ClJ(IPJK 9M) ) J=15)
I P(NINT(CU(IPJiK+lM))PJ1,t5),I=I,6)

1006 FORIIAT(///18X'BLINDS ANGLE ='P13v' DEG 11'
Z t' BLINDS ANGLE = 'P13p' DEG'

* /8X'-----
I /SX'l SOLAR 't2('I BLINDS REFLECIANCE 1')
I /8X' IPROFIL.EI '26X,t' l'26XP'I'
1 /8X'I ANGLE 'p2('t 10% 30% 50% 70% 90Z I')
I /8X'l ------- ,6'',I '2(-)'

WRITE(2pl007)
*1007 FORMAT(GXI -------

110 CONTINUE
120 CONTINUE

STOP
END
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C THIS PROGRAM COMPUTES TABLES OF MULTIPLIERS FOR EACH BLINDS
C ANGLE
C SKY COMPONENT IGROUND COMPONENT
C
C CU(IpJL) - CU VALUE FOR BLINDS ANGLE I, REFLECTANCE J, BLINDS SIDE L
C RHOB - BLINDS REFLECTANCE
C BLINDA - BLINDS ANGLE
C FF - FORM FACTORS FOR EACH BLINDS ANGLES;.

C
" PROGRAM SKYMUL

HTREAL ;U(6,,2), RHOB(5),BLINDA(6),FF(6),L1,L2

CHARACTER NAME*16

N C DATA RHOB/,1,.3,.5,.7,.9/
I ,BLINDA/O.,lSo,30,,45,v60,,75./
I PFF/.4556,,4445,,4114,.3572,.2835,.

1953/
C
C OUTER LOOP ON BLINDS ANGLES
C

DO 100 K=1,6
SING = SIN(BLINDA(K)/57,29578)
COSO = COS(DLINDA(K)/57o29578)

C
C COMPUTE INITIAL ILLUMINANCES
C

Z2 = (1#-,575*SING) / (.575$COSG)
EI = 0.
E2 = 1000.4 SING * Z2 / SORT(1.tZ2*Z2)
I + 1000, * COSO * (1. - 1,/SORT(I.+Z2*Z2))

C
- C LOOP ON REFLECTANCES, COMPUTE FINAL EXITANCES

C
DO 80 1=1,5
CU(K,I,l) = RHOB(I) * (El + RHOB(I)*E2$FF(K))
I / (1, - RHOB(I)*RHOB(I)*FF(K)SFF(K))
CU(K,I,2) = RHOB(I) S (E2 + RHOB(I)*El*FF(K))
I / (1. - RHOB(I)*RHOB(I)$FF(tosFF(X))

80 CONTINUE
100 CONTINUE

C
C PRINT THE RESULTS
C

PRINT 1001
1001 FORhAT(/' -ENTER OUTPUT FILE NAME:')

ACCEPT 1002tNAME
1002 FORMAT(A)

OPEN(UNIT=2,FILE=NAMEPSTATUS='UNKNOWN')

C
WRITE(2,1003)
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1003 FORMAT('t'/////30XP'SKY BLINDS MULITIPLIERS')
DO 1L20 M=192
IF(M*Ego1) WRITE(2t1004)

1004 FORMAT(/////21X'-- UNDERSIDE# SURFACE HIDDEN FROM SUN -'

IF(M*EQ.2) WRITE(291005)
1005 FORMA1(/////23X'-- TOPSIDE, SURFACE EXPOSED To SUN -'

WRITE(2,lc)06) (NINT(BLLNDA(I) ) (NINT(CU(IJN) ),J=l15), 1=1,6)
1006 FORIIAT(//18X'I -------lt6 v'

a /18X't 1 BLINDS REFLECTANCE It
£ /19X'I BLINDSI',26XP'I'
I /1BX'I ANGLE 1 10% 30Z 50% 70% 90% 1'

(l/8X'----- t55#r'I'

bIRITE (2 ii007)
1007 FORIIAT(1BXP'I ------- l'v26('-')p'I')
120 CONTINUE

* C
C NOWI DO GROUND MULTIPL.IERS -- LOOP ON BLINDS ANGLES
C

DO 200 K=1,6
SING = SlN(BLINDA(K)/57.29578)
COSG = COS(DL.INDA(K)/57,29578)

.4 C
C GET INITIAL II'UMINANCES
C

Y1 = .575 S CUS6 / (It + .575 *SING)
Y2 = 10.886.
IF(SINGGT.0.0001) Y2 = COS6 / SING
SY2 = SQRT(Y2*Y24l.)
SYl = SURT(Yl*Yl41.)
El = 500.8 (COSG S (Y2/SY2 - YI/SY1) - S1NG*(1./SYI - 1/SY2))
E2 = 500.8 (SING/SY2 -CGSG8(1.- Y2/SY2))

.4 C

C LOOP ON REFLECTANCES
C

DO 180 1=1,5
CU(KpT,1) = R1403(I) S (El + RHOB(I)*E2*FF(K))
I / (1. - RHO3(I)8RHD(Z)FFCK)SFF(K))
CU(KP192) = RHOB(I) 8 (F2 + RHOB(I)*E1SFF(K))E I / (1, - RHOB(I)*R1403(I)*FF(K)*FF(K))

190 CONTINUE
200 CONTINUE
C
C PRINT THESE RESULTS
C

* WRITE(2pJ008)
1008 FORMAT('1'/////28X'GRUUND BLINDS MULTIPLIERS')

DO 220 M=1,2
IF(ME~o.) IRITE(2r1004)
IF(M*EG.2) IWRITE(2tl0O5)
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WRITE(2,1006) (NINT(BLINDA(I)) (NINT(C;U(IJtM)),J=l,5) ,=p6)
WRITE(2,1007)

220 CONTINUE
STOP
END

I ILLUMINANCE FROM SKY -- V/H = 0.75
NO BLINDS

2 ILLUMINANCE FROM SKY -- V/H = 1.00 (UNIFORM SKY)
NO BLINDS

3 ILLUMINANCE FROM SKY -- V/H = 1.25
NO BLINDS

4 ILLUMINANCE FROM SKY -- V/H = 1.50
NO BLINDS

5 ILLUMINANCE FROM SKY -- V/H = 1,75
NO BLINDS

6 ILLUMINANCE FROM SKY -- L = LZ $ (1 2 SIN H) / 3
NO BLINDS

7 ILLUMINANCE FROM SKY -- . = 3LZ / (1 + 2 SIN H)
NO BLINDS

8 ILLUMINANCE FROM GROUND
NO BLINDS

9 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 0

10 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINOSP ANGLE = 15

11 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDSP ANGLE = 30

12 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 45

13 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDSP ANGLE = 60

14 ILLUMINANCE FROM SKY -- THRU COMPONENT
HORIZONTAL BLINDSP ANGLE = 75

15 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 0

16 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS# ANGLE = 15

17 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 30

18 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDSP ANGLE = 45

19 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 60

20 ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS# ANGLE w 75

21 ILLUMINANCE FROM GROUND -- THRU COMPONENT
HORIZONTAL BLINDSP ANGLE z 0

22 ILLUMINANCE FROM GROUND -- THRU COMPONENT
HORIZONTAL BLINDSP ANGLE = 15

23 ILLUMINANCE FROM GROUND -- THRU COMPONENT

'ii~

. .

. .
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HORIZONTAL BLINDS, ANGLE 30
24 ILLUMINANCE FROM GROUND -- TKR': COMPONENT

HORIZONTAL BLINDS, ANGLE = 45
25 ILLUMINANCE FROM GROUND -- THRU COMPONEN"

HORIZONTAL BLINDS. ANGLE 60
26 ILLUMINANCE FROM GROUND -- THRU COMPONENT

HORIZONTAL BLINDS, ANGLE = 75
27 ILLUMINANCE FROM GROUND -- THRU COMPONENT

VERTICAL. BLINDS. ANGLE = 0

28 ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 15

- I29 ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS# ANGLE = 30

30 ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 45

31 ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDSt ANGLE = 60

32 ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 75

33 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS, ANGLE = 0

34 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS, ANGLE = 15

35 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS. ANGLE = 30

36 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS. ANGLE = 45

37 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONIAL BLINDS. ANGLE = 60

38 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
HORIZONTAL BLINDS. ANGLE = 75 ?

39 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDS. ANGLE = 0

40 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDS. ANGLE = 15

41 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDS. ANGLE = 30

42 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDS, ANGLE = 45

43 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDS. ANGLE = 60

44 ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDS. ANGLE = 75

45 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
HORIZONTAl. BLINDS. ANGLE = 0

: 46 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)HORIZONTAL BLINDS, ANGLE = 15
47 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

HORIZONIAL BLINDS, ANGLE = 30

48 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

i
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HORIZONTAL BLINDSP ANGLE = 45
49 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

HORIZONTAL BLINDS, ANGLE = 60
50 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

HORIZONTAL BLINDSP ANGLE = 75
51 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

VERTICAL BLINDSP ANGLE = 0
52 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

VERTICAL BLINDS, ANGLE = 15
53 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

VERTICAL BLINDS, ANGLE = 30
54 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

VERTICAL BLINDS, ANGLE = 45
55 ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

VERTICAL BLINDS, ANGLE = 60
56 ILLUNINANCE FROM TOPSIDE or BLINDS (EXPOSED TO SUN)

VERTICAL BLINDS, ANGLE = 75.
* C------------------------------------------------------------

C USE 32-INTERVAL SIMPSON INTEGRATION TO DETERHINE VERTICAL
C ILLUMINANCE FROM VARIOUS SKIES -- ASSUME UNIT ZENITH LUMINANCE
C

PROGRAM EVERT
REAL F(33)

DATA P/3.1415927/
C

OPEN(UNIT=IFILE='SYSSINPUT'PSTATUS='OLD')
10 WRITE(ItIO01)

1001 FORMAT(/' -WHICH SKY (-7) ?)
READ(tt*) ISKY
IF(ISKYLEO) STOP

C
C COMPUTE S1MPSON INTEGRAND
C

DO 20 I=J32
THETA = (I-1)*0#55 PI / 32,
Z = TAN(THETA)
F(I) = COS(THETA)**2, S SKYRR(ISKYPOO,p0 Z

1 rSQRT(1.*Z*Z))
20 CONTINUE

F%33) = 0.
WRITE(I1002) (2,/PI) $ SIIPSR(,5tPlp32PF)

1002 FORHAT(F06p' = VERTICAL ILLUMINANCE')
GOTO 10
END

C SIMPSON INTEGRATION OVER N INTERVALS SPANNING 'X'
.4 c

FUNCTION S1MPSN(XpNtF)
REAL F(33)
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SIMPSN =F(1) + F(N+I)
DO 20 1=2,14,2

20 SIflFSN = SIMPSN + 44* F(I)
DO 25 I=3tN-192

25 SIIIPSN = SIIIPSM + 2-* F(1)
SII$PSN = SIIIPSN * X /(3**N)
RE TURN 7
END
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ILLUMINANCE FROM SKY V/H = 0.75
NO BLINDS------------- ----

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WIN:IOW HEIGHT W / H I
III

I D / H X D I .5 1 2 3 4 6 8 XNf" I

I 10 I 824 864 870 873 875 879 880 883 I

I 30 I 547 711 777 789 793 798 799 801 I
1 50 I 355 526 635 659 666 669 670 672 I

I 70 I 24"3 386 505 538 548 544 545 547 1

I 90 I 185 304 418 451 464 444 446 447 I

I 10 I 667 781 809 812 813 815 816 824 I
I 30 I 269 416 519 544 551 556 557 563 I
I 2 50 I 122 204 287 319 331 339 341 345 I
I 70 I 068 116 173 201 214 223 226 229 I
I 90 I 050 084 127 151 164 167 171 172 I

I 10 I 522 681 739 746 747 749 747 766 I
I 30 I 139 232 320 350 360 366 364 373 I
I 3 50 I 053 092 139 163 174 183 182 187 I
I 70 I 031 053 081 097 106 116 116 119 I
1 90 I 025 041 061 074 082 089 010 092 I

I 10 I 405 576 6%8 670 673 675 674 707 I
I 30 I 075 134 197 224 235 243 243 255 I
I 4 50 I 028 050 078 094 104 112 114 119 I
I 70 I 018 031 048 059 065 073 074 078 I
I 90 I 016 026 040 048 053 059 061 064 I

I 10 I 242 392 494 516 521 524 523 588 I
I 30 I 027 054 086 102 111 119 120 135 I

=i

I 6 50 1 011 023 036 044 049 055 056 063 1
I 70 I 009 018 027 032 035 04) 041 046 I
I 90 1 006 016 023 028 031 034 035 040 1

I 10 I 147 257 352 380 387 391 392 482 I
I 30 I 012 026 043 054 060 067 070 086 I
I 8 50 1 006 013 021 026 029 033 035 043 I
I 70 I 005 011 017 021 023 026 027 034 I
I 90 I 004 010 015 019 021 023 025 030 I

I 10 I 092 168 248 275 284 290 291 395 I
I 30 I 006 014 026 032 036 041 044 059 I
1 10 50 1 003 008 014 017 019 022 024 032 1
I 70 I 003 007 012 014 016 018 019 026 I
I 90 1 003 006 011 013 015 016 017 024 1

-- - - - -- - - - -- - - - - - - - - - - - - - -- - - - -- - - -
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ILLUMINANCE FROM SKY -- V/H = 1#00 (UNIFORM SKY)
NO BLINDS

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOw HEIGHT W / H I

I D / H % D I .5 1 2 3 4 6 8 INF I

I 10 I 671 704 711 715 717 726 726 728 I
I 30 I 458 595 654 668 672 682 683 685 I
I 1 50 I 313 462 563 589 598 607 608 610 I
I 70 I 227 362 478 515 527 530 532 5.34 I
1 90 I 186 306 424 465 481 468 471 472 I

I 10 I 545 636 658 660 661 665 666 672 I
I 30 I 239 367 459 484 491 499 501 506 I
I 2 50 I 121 203 286 320 335 348 351 355 1
I 70 I 074 128 192 226 243 259 264 267 I
I 90 I 058 101 156 188 207 215 221 223 I

I 10 I 431 561 607 613 614 616 615 631 I
I 30 I 133 223 306 337 348 357 357 366 I
I 3 50 1 058 103 155 183 197 211 213 218 1
I 70 I 037 063 098 119 132 147 150 154 I
I 90 I 030 051 079 098 110 122 126 129 I

I 10 1 339 482 549 560 563 566 565 593 1
I 30 I 078 139 204 234 247 258 260 272 I
I 4 50 I 033 060 094 114 126 139 143 150 I
I 70 I 022 039 061 074 083 095 099 104 I
I 90 I 019 032 050 061 070 080 084 089 I

1 10 I 211 343 433 453 458 461 461 518 I
I 30 1 033 065 103 123 135 145 148 167 1
I 6 50 I 015 029 047 057 064 073 077 086 I
I 70 I 011 021 033 040 045 051 054 060 I
I 90 I 010 019 028 034 038 044 046 052 I

I 10 I 135 238 326 353 362 366 367 452 I
I 30 I 016 034 058 072 080 090 094 116 I
I 8 50 I 008 01.7 027 034 039 045 048 059 I
I 70 I 006 013 021 026 028 032 035 043 I
I 90 I 005 012 019 023 025 029 031 038 I

I 10 1 090 165 244 272 283 290 291 395 1
I 30 I 009 020 036 045 052 060 064 087 I
I 10 50 1 005 010 019 023 026 030 033 044 I
I 70 I 004 009 015 018 020 023 025 03:3 I
I 90 I 003 008 014 016 018 020 022 030 I

44°-,

S4 .
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ILLUMINANCE FROM SKY V/H = 1.25

NO BLINDS

I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HE'IHT W / H I
I I I.

I D / H Z D I i5 1 2 3 4 6 8 INF I

I 10 1 578 607 614 619 621 633 634 635 1
I 30 I 405 525 580 594 599 612 614 615 I
I 1 50 1 287 423 519 547 556 569 571 573 I
I 70 I 218 347 461 501 515 522 525 526 I
I 90 I 186 307 428 473 491 483 486 487 1

I 10 1 472 549 566 569 570 574 575 581 I
I 30 I 221 337 422 447 456 465 467 472 I
I 2 50 I 120 202 285 321 337 353 357 361 I
I 70 I 078 136 204 242 261 281 287 290 I
I 90 I 064 112 174 211 233 244 251 253 I

I 10 I 377 488 527 533 534 536 536 549 I
I 30 I 130 217 298 329 341 352 353 362 I
I 3 50 I 062 110 165 195 211 228 231 237 I
I 70 I 040 070 109 132 147 166 171 175 I
I 90 I 033 057 090 112 127 142 148 152 I

I 10 I 300 424 484 494 497 499 499 524 I
I 30 1 080 143 209 240 255 267 269 28:3 1
I 4 50 1 036 066 104 126 140 156 1.60 168 1
I 70 1 024 043 068 083 094 109 115 120 I
I 90 I 021 036 056 070 080 092 099 103 I

I 10 1 193 314 395 415 420 423 423 476 1
I 30 1 036 071 113 136 149 161 165 186 1
I 6 50 1 017 033 053 065 074 084 089 100 1
I 70 I 012 024 037 045 050 058 061 069 I
I 90 I 011 021 031 038 043 049 053 060 I

I 10 I 128 226 310 337 346 351 352 433 I
I 30 I 019 039 066 082 092 104 109 134 I
I 8 50 1 009 019 031 040 045 052 056 069 1
I 70 I 007 015 023 029 032 037 040 049 I
I 90 I 006 013 021 025 028 032 035 043 I

I 10 I 088 164 241 270 282 290 291 396 I
I 30 1 011 024 043 054 062 071 076 103 1
I 10 50 I 005 012 022 026 030 035 038 052 I
I 70 I 004 010 017 020 023 026 028 038 I ""
I 90 I 004 009 016 018 020 023 025 034 I-- --- -- -- -- ------ --- --- --- - --- --- ---- --- --- ---
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ILLUMINANCE FROM SKY -- V/H = 1.50
NO BLINDS

------------------------------------------------------------- - - - -.~.4

I ROOM DEPTH / I I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

I D / H Z P I .5 3 2 3 4 6 8 INF I

I 10 I 503 528 536 541 544 557 558 559 I
I 30 I 359 464 514 528 534 549 550 552 I
I 1 50 I 261 384 471 499 508 524 526 527 I
I 70 I 204 325 432 470 485 497 499 500 I 

I90 1 1.79 295 412 456 475 474 477 478 1 ..

I 10 I 412 477 490 492 493 498 499 505 I
I 30 I 201 304 379 402 410 422 424 429 I
I 2 50 I 115 192 269 304 320 339 343 347 I
I 70 I 078 136 204 241 261 286 292 295 I
I 90 I 066 117 183 221 246 262 271 273 I

I 10 I 331 426 458 461 462 465 465 477 I
I 30 1 121 202 275 304 316 327 329 337 1
I 3 50 I 062 109 164 193 209 228 232 238 I
I 70 I 041 073 114 138 154 176 183 188 1
I 90 I 035 062 099 123 141 159 169 173 I

I 10 1 265 372 422 430 433 435 435 456 1
I 30 I 077 137 199 229 243 256 259 272 I
I 4 50 1 037 069 107 130 144 161 167 175 I
I 70 1 026 046 073 089 101 119 126 132 I
I 90 I 022 039 063 078 090 106 114 120 I

I 10 I 173 281 351 368 373 375 375 422 I
I 30 I 037 073 115 137 151 164 168 189 I
I 6 50 I 018 036 058 071 080 092 098 110 I
I 70 I 013 026 040 049 056 064 069 078 1
I 90 I 012 023 035 043 048 057 062 070 I

I 10 I 117 207 282 305 314 319 320 393 I
1 30 1 020 042 071 087 098 11J 116 143 1
1 8 50 1 010 021 035 044 050 058 063 078 1

I 70 I 007 016 026 032 036 041 045 055 I
I 90 I 007 014 023 028 031 036 040 049 I

I 10 I 082 153 224 250 262 269 271 368 I
I 30 I 012 026 047 059 068 078 084 114 I
I 10 50 I 006 014 024 030 034 040 044 060 I
I 70 I 005 011 019 022 025 029 032 043 I
* 90 I 004 010 017 020 023 026 028 038 I

- -- - . -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- :. d . * 4 .;. .. 4 * .~ . . . . . . .
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ILLUMINANCE FROM SKY -- V/H = 1.75
NO BLINDS

I ROOM DEPTH! I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

II I"_

I D / H Z 1 .5 1 2 3 4 6 8 INF I

1 10 1 435 457 465 471 474 486 488 489 1
I 30 I 317 407 452 466 471 486 488 489 I

1 50 I 234 343 422 447 456 472 475 476 I
1 70 1 187 297 395 430 445 458 461 462 1
1 90 1 168 276 384 426 444 447 450 451 1

1 10 1 357 412 422 424 424 430 431 436 1

I 30 I 180 271 335 356 363 375 378 381 I
I 2 50 I 106 177 246 278 293 313 318 321 I
I 70 I 074 130 194 229 249 274 282 284 I
1 90 I 065 116 181 219 244 264 273 276 I

1 10 1 288 369 394 397 397 400 401 411 I
I 30 1 110 183 247 272 282 294 296 304 I
I 3 50 1 058 104 154 181 196 215 221 226 I
I 70 I 040 072 112 136 152 176 184 188 I
I 90 I 035 063 101 126 144 166 177 182 I

I 10 1 232 324 365 371 373 375 375 394 I
I 30 I 071 127 183 209 222 235 238 250 I
I 4 50 I 036 067 104 125 139 157 163 171 1
I 70 I 025 046 072 089 101 119 127 134 I
I 90 1 022 041 065 082 095 J14 124 130 1

I 10 I J53 247 307 320 324 326 327 367 I
I 30 I 035 070 109 130 143 155 160 180 I
I 6 50 1 018 036 058 071 080 091 098 110 1
I 70 1 013 026 041 051 058 067 073 082 1
I 90 I 012 023 037 046 052 062 069 078 I

I 10 1 104 184 249 269 276 281 282 346 1
I 30 1 020 042 070 086 096 109 115 141 I
I 8 50 I 010 022 036 046 052 060 066 081 I
I 70 I 008 017 027 033 038 044 048 059 I
I 90 I 007 015 024 030 034 040 044 054 I

I 10 I 074 138 201 223 233 240 242 328 I
I 30 I 012 027 048 059 067 078 084 114 I
I 10 50 I 006 014 026 032 036 043 047 064 I
I 70 I 005 011 020 024 027 031 034 046 I
I 90 I 004 010 018 022 024 028 031 042 I

- - - - - - - - - - - - - - - - - - - - -

* *0e- •* * • .-........... o. ..... IM. .
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ILLUMINANCE FROM GROUND
NO BLINDS

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I
I D / H Z 11 I .5 1 2 3 4 6 8 INF I

I 10 I 105 137 177 197 207 208 210 211 I
I 30 I 116 157 203 225 235 241 24,3 244 1
1 1 50 I 110 165 217 241 252 267 269 270 I
I 70 I 101 162 217 243 253 283 285 286 I
I 90 I 091 146 199 230 239 290 292 293 I

I 10 I 095 124 160 178 186 186 189 191 I
" 30 I 082 132 179 201 212 219 222 225 I
I 2 50 I 062 113 165 189 202 214 218 220 I
I 70 I 051 093 141 165 179 194 198 200 1
I 90 I 045 079 118 140 153 179 183 185 I--

I 10 I 088 120 157 175 183 185 163 167 I
I 30 1 059 107 154 176 187 198 193 198 I
I.3 50 I 039 074 114 134 146 157 166 170 I
I 0 1 031 055 085 101 111 122 127 130 I
I 90 I 028 047 070 083 092 107 113 115 I

I 10 I 073 113 154 174 183 187 176 184 I
I 30 1 040 082 127 148 159 170 177 185 1
I 4 50 I 025 049 078 094 103 113 117 123 I
I 70 I 020 036 054 065 071 079 083 087 I
I 90 1 019 032 046 054 060 069 073 076 1

I 10 I 056 106 143 164 175 1.84 173 194 I
1 30 I 021 050 081 098 107 117 123 138 I
1 6 50 I 013 027 041 049 054 060 064 072 I
I 70 I 011 021 029 033 035 039 041 046 I
I 90 I 011 020 026 030 032 035 037 042 I

I 10 I 036 082 122 143 156 166 170 208 I
I 30 1 011 029 050 062 070 078 082 101 1
I 8 50 I 007 016 024 028 031. 035 038 046 I
I 70 I 006 013 018 020 021 023 025 030 I
I 90 I 006 013 017 019 020 022 023 028 I

I 10 I 024 061 109 1.20 131 144 147 200 I
I 30 I 006 017 034 040 046 053 056 076 I
I 10 50 I 004 010 016 018 020 023 024 033 I
I 70 I 004 009 013 014 015 016 016 022 I
I 90 I 004 009 013 013 014 015 016 021 I

--- -- -- -- --- -- -- -- -- --- -- -- -- -- --- -- -- -- --
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ILLUMINANCE FROM SKY -- THRU COMPONENT

HORIZONTAL BLINDS, ANGLE = 0

I ROOM DEPTH / I I
I WINDOW HEIGHT I W1NDOW WIDTH / WINDOW HE1GHT W / H I

I D / H Z 11 I .5 1 2 3 4 6 8 INr I

I 10 I 036 041 046 048 050 054 055 055 I
I 30 I 061 084 097 101 103 108 108 108 I
1 1 50 I 065 102 129 137 140 144 144 145 I
I 70 I 062 106 146 159 164 163 164 165 I
I 90 I 061 109 158 175 182 172 173 174 I

I 10 I 051 061 066 067 069 070 071 072 I
I 30 1 058 093 121 129 132 136 136 138 1
I 2 50 I 044 077 115 131 139 145 147 148 I
I 70 I 031 059 095 114 125 133 136 137 I
I 90 I 025 048 082 102 115 115 119 120 I

I 10 I 058 077 (185 087 088 089 090 092 I
I 30 I 046 080 115 128 134 138 140 144 I
I 3 50 1 026 050 080 098 108 116 120 1.23 1
I 70 1 016 030 052 066 075 085 090 092 1
I 90 1 011 023 041 053 062 068 073 075 1

I 10 1 060 086 099 102 103 104 105 110 I

1 30 I 035 063 097 114 122 128 130 137 I
I 4 50 1 016 031 052 066 075 084 088 092 1
I 70 1 009 018 031 041 047 (156 061 (63 1
I 90 I 007 013 024 032 038 043 046 050 I

I 10 I 055 090 115 120 122 123 124 140 I
I 30 I 018 035 059 073 082 090 093 105 I

I 6 50 I 007 014 025 033 039 046 050 q56 I
I 70 I 004 009 016 020 024 029 032 036 I
I 90 I 003 007 012 016 018 022 026 029 I

I 10 1 047 082 114 124 127 129 130 159 1
I 30 1 010 020 036 046 053 061 064 079 I
I 8 50 1 004 008 015 020 023 028 031 039 1
I 70 I 003 006 010 013 015 018 020 025 I
I 90 I 002 005 008 011 012 015 016 020 I

I 10 I 038 070 105 118 123 127 127 173 I
I 30 1 006 012 023 030 036 042 046 062 I
I 10 50 1 002 005 010 013 016 019 022 030 I
I 70 I 002 004 008 009 011 013 015 020 I
I 90 I 001 004 007 008 009 011 012 017 I

- - - - - - - - - - - - - - - - - --'.-'- - - - - - - - - - - --.-..- - --.- - - - --- - - - - ----'.'.--
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ILLUMINANCE FROM SKY ---- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 15

I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I

I D / H % 0 1 .5 1 2 3 4 6 8 INF I

I 10 I 019 023 027 030 031 037 040 040 I
I 30 I 032 044 052 054 (56 061 061 062 I
I 1 50 I 034 053 068 073 074 078 079 079 I
I 70 1 032 055 076 084 086 089 089 089 1

90 I 032 057 082 091 095 093 094 094 I

I 10 I 026 032 035 037 038 040 041 041 I
I 30 I 030 048 063 068 070 072 073 074 I
I 2 50 1 023 041 060 069 073 077 078 079 1
I 70 I 017 032 052 063 068 073 075 075 I
I 90 I 014 028 049 060 068 068 071 071 I

I 10 1 030 040 045 046 047 048 049 050 I
I 30 I 024 041 060 067 070 072 074 075 1
I 3 50 I 014 027 044 054 059 064 066 068 I
I 70 1 009 018 031 040 045 051 054 056 1
I 90 I 007 014 025 033 039 043 046 047 I

I 10 I 031 044 052 05.3 054 055 056 059 I
I 30 I 018 033 051 059 064 067 068 071 I
1 4 50 I 009 018 031 039 045 050 052 055 I
I 70 I 005 011 019 025 029 035 038 040 I
I 90 I 004 008 015 020 024 028 031 032 I

I 10 I 028 046 059 062 06:3 064 065 07.3 I
I 30 I 010 020 034 043 048 052 054 061 I
I 6 50 1 004 009 016 021 024 029 031 035 1
I 70 I 003 005 010 013 015 018 020 023 I
I 90 I 002 004 007 010 012 014 016 018 I

I 10 I 024 043 059 064 066 067 067 083 I
1 30 I 006 012 022 028 032 037 039 048 I
I 8 50 1 002 005 009 012 015 018 020 024 1
I 70 I 002 003 006 008 009 011 013 016 I
I 90 1 001 003 005 006 007 009 010 013 1

I 10 I 020 037 054 061 064 065 066 089 I
I 30 I 004 008 014 019 022 026 029 039 I
I 10 50 1 001 003 006 008 010 012 014 019 1
I 70 I 001 002 004 006 007 008 009 012 I
I 90 1 001 002 004 005 006 007 007 010 1

--

..

C. o ° - - . o . - . o • , ° % . ' . % o • • % • . " o• % . - . - - . .• ,. . o , . .- . ,



T -9

ILLUMINANCE FROM SKY THRU COMPONENT
HORIZONTAL.. BI..1N[S, ANGLE = 30

I ROOM DEPTH/ I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

I D/H zDI 1 5 1 2 3 4 6 8 INF I

I 10 I 008 010 013 014 015 019 021 021 I
1 30 I 013 019 022 023 024 026 027 027 I
I 1 50 I 014 022 029 031 031 033 034 034 I
I 70 I 013 023 032 035 036 037 038 038 I
I 90 I 013 023 034 038 040 039 040 040 I

I 10 I 011 014 015 016 017 018 019 019 I
I 30 I 012 020 026 029 029 031 031 032 I
I 2 50 I 009 017 025 029 031 033 033 034 I
I 70 I 007 013 022 027 029 032 032 033 I
I 90 1 006 012 021 027 030 031 032 032 1

1 10 I 012 017 019 019 020 021 021 0 22 I

I 30 1 010 017 025 028 029 030 031 032 1
I 3 50 I 006 011 019 023 025 027 028 029 I
I 70 I 004 008 014 018 020 023 025 025 I
I 90 I 003 007 012 016 019 021 023 023 I

I 10 I 013 018 022 022 023 023 024 025 I
I 30 I 007 014 021 025 026 028 028 030 I
I 4 50 I 004 008 014 017 019 022 023 024 1
I 70 I 003 005 009 012 014 017 018 019 I
I 90 I 002 004 008 010 012 014 016 017 I

I 10 1 012 019 024 026 026 027 027 030 I
I 30 I 004 009 014 018 020 022 023 026 I
I 6 50 I 002 004 008 010 012 014 015 017 I
I 70 I 001 003 005 006 008 009 010 012 I
I 90 I 001 002 004 005 006 007 008 009 I

I 10 I 010 017 024 026 027 028 028 034 I
I 30 I 003 006 010 013 015 017 018 022 I
I 8 50 I 001 003 005 006 007 009 010 013 I
1 70 1 001 002 003 004 005 006 007 008 1
I 90 1 001 001 002 003 004 005 005 006 1

I 10 I 008 015 022 025 026 027 027 037 I
I 30 I 002 004 007 009 011 013 014 019 I
I 10 50 I 001 002 003 004 00 006 007 010 I
I 70 I 000 001 002 003 003 004 005 006 I
I 90 I 000 001 002 002 003 003 004 005 I

----
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ILLUMIINANCE FROM SKY -- THRU COMPONENTj
HORIZONTAL BLINDSP ANULE = 45

I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH /WINDOW HEIGHT W H I

I D H X D 1 *5 1 2 3 4 6 8 INF I

1, 10 1 002 003 003 004 004 005 006 006 1
1 30 1 003 005 005 006 006 007 007 007 1
1 1 50 1 003 005 007 007 008 008 008 008 1
1 70 1 003 005 008 008 009 009 009 009 1
1 90 1 003 006 008 009 010 009 010 010 1

1 10 1 003 003 004 004 004 005 005 005 1
1 30 1 003 005 006 007 (007 008 008 008 1
1 2 50 1 002 004 006 007 007 008 008 008 1

170 1 002 003 005 006 (007 008 008 008 1
I 90 1 001 003 005 006 007 008I 008 008 1

1 10 1 003 004 005 005 005 005 005 006 1
1 30 1 002 004 006 007 007 007 008 008 1
1 3 50 1 001 00:5 005 005 006 007 007 007 1
1.0101020300 0 0 0 0

I 70 1 001 002 003 004 005 006 (006 006 1
---- 0----001--002--003--004--00--- 00--- 006-- 006---

1 10 1 003 004 005 005 006 006 006 006 1
1 30 1 002 003 005 006 006 007 (007 007 1
1 4 50 1 001 002 003 004 005 005 006 006 1
1 70 1 001 001 (002 003 004 004 005 005 1

190 1 001 001 002 003 003 004 005 005 1

1 10 1 003 005 006 006 006 006 007 007 1

1 30 1 001 002 004 004 005 (005 006 0061
15 6 50 1 001 001 002 003 00.3 004 004 004 1
1 70 1 000 001 001 002 002 003 003 003 90I0001 01 02 0 0 0 0

1 10 1 002 004 006 006 007 007 007 008 1

1 830 1 000 001 001 002 002 003 003 004 1
a 70 1 000 0010 (01 001 001 002 002 (04 1

1 90 1 000 000 001 001 001 001 002 002 1

1 10 1 002 004 005 006 006 006 007009 1
1 30 1 000 001 002 002 003 (303 004 005 1
1 10 50 1 000 000 001 001 002 002 002 003 1
1 70 1 000 000 001 001 001 001 (301 002 1
1 90 1 000 000 001 001 001 001 001 002 1

- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -. - - - - -.
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ILLUMINANCE FROM SKY -- THRIJ COMPONENT
HORIZONTAL BLINDSP ANGLE = 60

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I

I D / H %DI .5 1 2 3 4 6 8 INF I

I 1 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 00 000 I
I 1 50 1 000 000 000 000 000 000 000 000 I
I 70 1 000 000 000 000 (100 000 000 000 1

I 90 I 000 000 000 000 000 000 000 000 I
10 I 000 000 000 000 000 000 000 000 I-

10 I 000 000 000 000 000 000 000 000 I
230 I 000 000 000 000 000 000 000 000 I

2 50 I 000 000 000 000 000 000 000 000 I
70 I 001 000 000 000 000 000 000 000 I

I 90 I 000 000 000 000 000 000 000 000 I

I 10 1 000 000 000 000 000 000 000 100 1

I 301 000 000 000 000 000 000 000 000 1

I 3 50 I 000 000 000 000 000 000 000 000 I
I 70 1 000 0 00 000 000 000 000 000 1

I 90 I 000 000 000 000 000 000 000 000 I

I 30 I 000 000 000 000 000 000 000 000 01 00 00000000000000000
I 70 I 000 000 000 000 000 000 000 000 I

90 I 000 000 000 000 000 000 000 000 I
I 50 1 000 000 000 000 000 000 000 000 I
I 30 I 000 000 (00 000 000 000 000 000 1

I 60 I 000 000 000 000 000 000 000 000 I
I--- I 00----------------01-000000-000000 000-000 -000-000 1

I 90 I 000 000 000 000 000 000 000 000 I
I 0 I 000 000 000 000 000 000 000 000 I
I 30 I 000 000 000 000 000 000 000 000 I

I 50 I 000 000 000 000 000 000 000 000 I
9 0 1 000 000 000 000 (00(00 (100 000 o) I

I 10 I 000 000 000 000 000 000 000 000 I
I 0 I 000 000 000 000 000 000 000 000 I

I 30 I 000 000 000 000 000 000 000 000 I

- - *

"710 50 1 000 000 000 000 000 (100 (00 000 I

I 0 1 000 000 000 000 000 000 000 000 1
•1 1 0 1 000 000 000 000 000 000 000 000 1 .

1 70 1 000 000 000 000 000 000 000 000 1 .

I 90 1 000 000 000 000 000 000 000 000 I

.-
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ILLUMINANCE FROM SKY -" THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 75

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I-:
I D / H % D I .5 1 2 3 4 6 8 INF I

---I 10 I 000 000 000 000 000 000 (000 000 I""

I 30 1 000 000 000 000 000 000 000 000 1
I 1 50 1 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

I 10 I 000 000 000 000 000 000 000 000 I
I-30 I 00) 000 000 000 000 000 000 000 I
I 2 50 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 I
I 90 I 000 000 000 000 000 000 000 000 I

70 I 10 I00 000 000 000 000 0 000 1o

S30 I 000 000 000 000 000 000 000 000 I-- 50-I-000-000- 000- 000- 000- 000- 000- 000---J
I 70 I 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 1

1 90 I 000 000 000 000 000 000 000 000 I

30 I 1 000 000 000 000 000 000 000 000 I
1 90 I 000 000 000 000 000 000 000 000 7000000

I 10 1 000 000 000 000 00(3 (0(00 000 000 I
I 10 I 000 000 000 000 000 000 000 000 I
I 0 01 000 000 000 000 000 000 000 00 II
I 10 I 000 000 000 000 000 000 000 000 I

I 70 1 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 I
I 10 I 000 (300 000 000 000 000 000 (300 I-.
I 30 I 000 000 000 000 000 000 000 000 1

1 00 1 000 000 000 000 000 000 000 000 1

1 10 I 000 000 000 000 000 000 000 000 1
9 70 I 000 000 000 000 000 000 000 000 I

1 90 1 000 000 000 000 000 000 000 000 1

-----------------------------------------------
1 10 1 000 000 000 000 000 000 000 000 1
1 30 1 000 000 000 000 000 000 000 000 1

1 70 1 000 000 000 000 000 000 000 000 1
I10 90 1 000 000 000 000 000 000 000 000 1

I 70 1 000 000 000 000 000 000 000 000 1
1 90 1 000 000 000 000 000 000 000 000 1---------------------------------------- -
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ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 0

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHr U / H I

I D / H Z I .5 1 2 3 4 6 8 INF I

I 10 I 109 065 038 028 022 015 012 012 I
I 30 I 199 145 088 062 048 032 024 024 I
1 1 50 1 171 174 218 085 065 044 033 033 1
I 70 1 130 172 132 098 076 049 037 037 1
I 90 1 109 162 143 106 083 051 039 039 1

I 10 I 169 107 060 043 033 023 018 018 I
I 30 I 142 164 113 083 065 045 0:34 034 I
I 2 50 I 073 110 107 084 068 048 036 037 I
I 70 I 041 069 086 075 063 045 035 035 I
I 90 I 029 052 074 072 062 042 033 033 I

I 10 I 196 138 080 056 043 030 023 023 I
I 30 I 086 123 108 083 066 046 035 036 I
I 3 50 I 035 058 074 066 055 041 032 033 I
I 70 I 019 032 046 049 044 034 028 028 I

90 I 013 023 035 040 041 031 025 026 I

I 10 I 188 155 094 066 051 035 027 028 I
I 30 I 052 082 092 074 060 043 033 035 I
SI 4 50 I 019 033 047 049 043 033 027 028 I
I 70 I 010 018 027 031 031 026 022 023 I
I 90 I 008 013 020 024 026 023 020 021 1

I 10 I 145 164 110 079 061 041 031 035 I
I 30 I 024 041 055 054 046 034 027 030 I
I 6 50 I 009 016 023 026 026 023 019 021 I
I 70 1 006 010 013 015 016 016 014 016 I
I 90 1 005 008 010 012 012 013 012 014 1

I 10 I 101 139 109 081 063 043 033 040 I
I 30 I 012 022 033 036 034 027 022 026 I
I 8 50 I 005 009 013 015 016 016 014 017 I
I 70 I 003 006 008 009 010 010 010 012 I
I 90 I 003 005 007 007 008 008 008 010 I

I 20 1 071 107 101 077 061 042 032 044 I
I 30 I 007 014 021 024 025 021 017 024 i
I 10 50 1 003 006 009 010 011 011 010 014 1
I 70 1 002 004 006 007 007 007 007 009 1
I 90 I 002 004 005 005 006 006 006 007 I

- --'-.-. --.- -.- " - --..- .- .......... --....- . -. -- . - --
. . . . . . . . . . . . . . . . . . . . . .. .,".. .. ".;,.., ;,.;.. '- ,...,.,1 ,.; :.
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ILLUMINANCE FROM SKY -- THRU COMPONENT

VERTICAL BLINDS, ANGLE = 15

I ROOM DEPTH /I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT U / H I

I D / H % D I .5 1 2 3 4 6 8 INF I

I 10 I 114 069 043 032 026 019 015 015 I
I 30 I 192 150 092 066 051 035 026 027 I
I 1 50 I 155 177 122 089 069 046 035 035 I
1 70 I 113 161 137 102 079 052 039 039 I
I 90 1 092 148 148 110 087 054 041 041 I

I 10 1 174 1l1 063 045 036 025 020 020 I
I 30 I 126 158 117 086 067 047 036 036 I
I 2 50 I 060 100 109 087 070 050 038 038 I
I 70 I 033 060 081 077 065 047 036 036 I
I 90 I 023 045 068 070 064 043 034 034 I

I 10 I 190 142 083 058 045 031 024 025 I
I 30 r 072 113 112 086 068 048 037 038 I
I 3 50 I 028 050 069 067 057 042 033 034 I
I 70 I 015 027 042 046 044 036 029 029 I
I 90 I 011 019 032 037 039 032 026 027 I

I 10 I 173 160 098 069 053 037 028 030 1
I 30 I 042 073 089 076 062 045 034 036 I

I 4 50 I 015 028 043 046 044 034 027 029 I
I 70 I 008 015 024 028 029 027 022 023 I
I 90 I 006 Ol 018 022 024 022 020 021 I

I 10 1 129 159 114 081 063 043 0:33 037 1
I 30 I 019 035 051 052 047 035 028 031 I
I 6 50 I 007 013 020 024 025 023 019 022 I
I 70 I 005 009 012 014 OJ5 0J5 014 016 I
I 90 I 004 007 009 010 Olt 012 012 013 I

I 10 I 087 128 113 084 065 045 034 042 I
I 30 I 009 019 029 033 033 028 022 027 I
I 8 50 I 004 008 011 014 015 015 014 017 1
I 70 I 003 006 007 009 009 010 009 011 I
I 90 I 002 005 006 007 007 007 007 009 I

I 10 I 058 097 103 080 063 044 033 045 I

I 30 I 005 011 019 022 023 022 018 025 I
I 10 50 I 002 005 008 009 010 011 010 014 1
I 70 I 002 004 006 006 006 007 007 009 I
I 90 I 002 003 005 005 005 005 005 007 I

------ - - -

4 *
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ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANULE = 30

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I .

I D / H Z D .5 1 2 3 4 6 8 INF I

I 10 1 125 076 050 039 032 024 020 020 1

I 30 1 166 164 102 074 058 040 031 031 1
I 1 50 I 104 166 135 099 077 052 040 040 I
1 70 1 072 130 148 114 089 (058 044 044 1
I 90 1 057 106 146 123 097 061 046 046 I

1 10 I 183 122 070 051 040 029 023 023 1
I 30 1 081 137 129 095 075 052 040 041 I
I 2 50 1 038 068 102 096 078 055 043 043 1
1 70 1 021 039 (066 075 071 052 040 041 I
I 90 I 015 029 050 061 064 048 038 038 1

I 10 1 165 158 092 065 050 036 028 029 1
1 30 I 045 080 111 095 076 053 041 042 I
I 3 50 I 018 033 055 063 061 047 037 038 a
I 70 I 010 018 030 038 041 039 032 032 I
I 90 I 007 013 022 028 033 032 029 030 I

I 10 I 131 168 108 076 059 041 032 033 I
I 30 I 026 048 077 080 069 049 038 040 I
I 4 50 1 010 018 030 039 042 038 030 032 I
1 70 1 006 010 017 021 025 026 024 026 1
I 90 I 004 008 013 016 018 020 020 021 I

I 10 1 083 139 126 090 070 048 037 041 1
I 30 1 012 023 037 046 047 039 031 035 1
I 6 50 1 005 010 014 018 020 022 021 023 1
I 70 1 003 007 009 010 011 013 014 015 1
I 90 I 003 006 007 008 009 010 010 012 1

I 10 I 054 097 118 093 072 050 038 047 1
I 30 I 006 012 020 026 029 029 024 030 I
I 8 50 I 002 006 008 010 011 013 013 017 I
I 70 I 002 004 006 007 007 008 008 010 I
I 90 I 002 004 005 006 006 006 006 008 I

I 10 I 036 066 097 088 070 049 037 050 I
10 30 1 003 007 013 016 019 021 019 026 1

I 10 50 I 001 003 006 007 008 009 009 012 I
I 70 I 001 003 005 005 005 005 005 007 I
1 90 1 001 002 004 004 004 004 004 006 1

- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -
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ILLUMINANCE FROM SKY -- THRU COMPONENT !

VERTXCAl. BLINDS, ANGLE =45

4

I ROOM DEPTH / I I

I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W /H I
I I I
I D / H % X I .5 1 2 3 4 6 8 INF I

I 10 I 150 088 058 048 041 033 027 027 I
I 30 I 106 176 121 089 071 050 0139 039 I
I 1 50 1 054 122 157 119 094 065 049 050 1
I 70 I 035 077 142 135 109 072 055 055 1
I 90 I 027 058 118 133 118 074 057 057 I

I 10 1 162 147 083 060 049 036 029 020 1
I 30 I 040 088 140 11.4 090 064 049 050 I
I 2 50 1 018 037 076 096 091 067 052 052 1
I 70 I 010 020 041 060 068 062 049 049 I

90 1 008 015 029 042 053 053 046 046 I

1 10 I 107 172 110 077 060 043 034 035 I
I 30 I 022 044 090 102 091 064 050 051 I
I 3 50 I 009 017 033 048 057 055 044 045 I
1 70 I 005 010 018 024 031 038 037 037 I
I 90 I 004 008 013 017 022 027 029 030 I

I 10 I 072 149 131 092 071 050 038 040 1
I 30 1 012 025 051 071 074 059 046 048 1
1 4 50 1 005 010 018 025 032 038 036 037 1
I 70 I 003 006 010 014 016 022 024 025 I
I 90 I 002 005 008 OtO 012 015 017 018 I

1 10 I 041 090 137 109 084 058 044 050 1
I 30 I 006 012 022 031 039 042 037 041 I
1 6 50 1 002 006 009 011 013 017 020 022 1
I 70 1 002 004 006 007 008 009 011 012 1
I 90 1 002 004 005 006 006 007 008 009 1

I 10 I 025 054 105 108 088 060 046 056 1
I 30 I 003 006 012 016 020 026 027 033 I
I 50 I 001 003 006 007 008 009 011 013 I

I 70 I 001 003 004 005 005 006 006 008 I
I 90 I 001 002 004 004 004 005 005 006 I

I 10 1 016 034 072 089 083 059 045 061 I
I 30 I 001 004 007 010 012 016 (118 025 I
I 10 50 I 001 002 004 005 005 006 007 009 I
I 70 I 001 002 004 004 004 004 004 006 I
I 90 I 000 001 003 003 004 004 003 005 I

--

N-.
o

< -. .. • -. " .° . . . "
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ILLUMINANCE FROM SKY -- THRIJ COMPONENT
VERTICAL. BL.INDS, ANGLE 60

1------------------------ ---.-........--- -.

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I

I D / H % D I *5 1 2 3 4 6 8 INF I

I 10 I 176 117 072 061 055 047 040 041 I
I 30 I 048 128 161 119 096 070 055 0555 I
I 1 50 I 020 059 142 153 127 090 070 070 I
I 70 1 011 034 089 132 137 101 077 078 I

I 90 1 008 024 063 100 123 104 080 080 1

1 10 I 090 173 113 080 064 049 040 040 I
1 30 I 014 041 103 133 122 087 068 060 1
I 2 50 I 005 015 039 064 084 088 071 072 I
I 70 I 003 008 020 033 045 062 063 063 I
I 90 I 003 006 014 022 030 041 049 049 I

I 10 1 049 127 152 106 082 059 047 048 I
I 30 I 006 019 047 076 094 088 068 070 I
I 3 50 1 002 007 016 026 035 052 054 056 1
I 70 I 002 005 009 014 018 026 033 034 I
1 90 I 001 004 007 01) 013 017 021 022 I

I 10 I 029 083 155 127 098 068 05.3 055 I
I 30 I 003 010 025 041 056 070 063 066 I
I 4 50 I 001 004 009 014 018 027 03" 036 I
I 70 I 001 003 006 008 010 014 01'/ 018 I

I 90 I 001 003 005 006 008 010 012 012 I

I 10 I 013 042 102 129 117 080 061 069 I
1 30 I 001 004 011 016 022 032 039 044 I
I 6 50 I 001 002 005 007 008 011 013 015 I
I 70 1 001 002 005 005 006 007 008 009 I
1 90 I 000 002 004 005 005 005 006 006 IS--- ----------------------------
I 10 I 006 022 059 093 104 084 064 079 I
. 30 I 000 002 006 009 011 016 021 025 I
I 8 50 I 000 001 003 005 005 006 007 009 I
I 70 I 000 001 003 004 004 005 005 006 I

I 90 I 000 001 003 004 004 004 004 005 1

I 10 I 003 012 035 059 077 079 063 085 1
. 30 I 000 001 003 005 007 009 012 016 I
1 10 50 1 000 001 002 003 004 004 005 006 I
1 70 1 000 001 002 003 003 003 003 005 1
I 90 I 000 001 002 003 003 003 003 004 I,.I9 0 01020303 0 0 0

* ,
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ILLUMINANCE FROM SKY -- THRU COMPONENT
VERTICAL BLINDS, ANGLE = 75

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I "

I D / H % D I .5 1 2 3 4 6 8 INF I

I 10 I 082 175 118 090 078 073 068 068 I
I 30 I 009 041 119 169 161 121 (99 099 I
I 1 50 I 002 014 053 094 133 151 126 126 I
I 70 I 002 007 029 055 079 122 130 130 I
I 90 I 002 004 019 037 054 083 107 107 I

I 10 I 023 081 170 145 113 083 067 068 1
I 30 I 001 009 035 064 093 129 121 122 I
I 2 50 1 001 003 Ott 023 035 058 078 079 I
I 70 I 001 003 006 012 018 030 040 040 I
I 90 I 001 002 005 008 012 019 025 026 I

I 10 I 008 041 115 161 151 106 083 085 I
I 30 I 000 003 014 027 041 068 089 092
I 3 50 I 000 002 006 009 014 023 032 033 i
I 70 I 000 002 004 006 008 013 017 018 I
1 90 I 000 001 004 005 007 009 012 012 I

I 10 I 003 022 073 124 149 126 097 102 I
I 30 I 000 001 007 014 021 036 050 052 I

4 50 I 000 001 004 006 008 012 017 017 I
I 70 I 000 001 003 005 006 008 010 010 I
I 90 I 000 001 003 004 005 006 008 008 I

I 10 I 000 007 (33 061 089 123 114 128 I
1 30 1 000 001 003 006 009 013 019 021 1
1 6 50 I 000 000 002 004 005 006 007 008 I
I 70 I 000 000 002 004 004 005 006 006 I
-1 90 I 000 000 002 003 004 004 005 005 I

I 10 I 000 (302 016 032 049 082 398 121 I
I 30 I 000 000 001 003 004 007 009 01 I
I 8 50 I 000 000 001 002 003 004 005 006 I
I 70 I 000 000 001 002 003 004 004 005 I
I 90 I 000 000 001 002 003 004 (304 005 I

I 10 I 000 001 007 018 028 050 070 095 I
I 30 I 000 000 001 001 002 004 006 008 I
I 10 50 1 000 000 000 001 002 003 (303 005 1
I 70 I 000 000 000 001 002 003 003 004 I
I 90 I 000 000 000 001 002 003 003 004 I

----------------------------------------------------- --- . --- -

* * .,** o*. . * . . -
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4~4 ILLUMINANCE FROM GROUND -- THRU COMPONENT
HORIZONTAL BLINDSP ANGLE =0

I ROOM DEPTH/
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HrISHT W / H I

I D /H %~l p .5 1 2 3 4 6 8 INF I

1 10 1 013 023 036 043 046 053 054 054 1
1 30 1 017 029 043 051 054 062 063 063 1
1 1 50 1 028 033 049 056 060 070 070 071 1
1 70 1 018 034 050 058 061 076 076 077 1
1 90 1 016 030 044 053 056 080 081 081 1

1 10 1 013 022 034 041 045 051 052 052 1
1 30 1 015 029 045 054 059 063 065 066 1
1 2 50 1 014 030 050 060 066 070 072 0735 1
1 70 1 012 028 049 060 067 072 074 075 1
1 90 1 010 024 042 052 058 071 073 074 1

1 10 1 014 023 035 041 045 050 057 058 1
1 30 1 013 027 044 05:3 059 063 070 072 1

1 3 50 1 010 (023 042 052 059 063 067 068 1
170 1 008 019 035 045 05t 056 059 060 1
I90 1 007 015 028 036 042 050 055 056 1

I10 1 014 024 037 043 047 052 057 059 1
1 30 1 010 024 042 052 057 061 065 068 1

1 4 50 1 007 017 033 042 047 053 055 058 1
170 1 006 013 024 031 036 040 044 046 1

1 90 1 005 011 019 025 028 033 037 039 1

1 10 1 015 029 041 048 053 056 061 068 1
1 30 1 007 018 032 04t 047 052 055 061 1
1. 6 50 1 004 010 019 024 028 033 036 041 1
1 70 1 004 008 012 015 018 021 024 027 1
1 90 1 003 007 010 013 015 017 020 022 1

1 10 1 012 028 043 052 057 062 063 077 1
1 30 1 005 012 023 030 035 041 043 053 1
1 8 50 1 003 007 012 015 018 021 023 028 1
1 70 1 002 005 008 010 011 013 014 018 1
I 90 1 002 005 007 009 009 011. 012 015 1

1 10 1 010 025 047 052 058 064 066 089 I
1 30 1 003 008 018 022 026 031 033 045 1
1 10 50 1 002 005 008 010 012 014 (016 021 1
1 70 1 002 004 006 007 008 009 010 013 1
1 90 1 002 004 006 006 007 (108 009 012 1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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ILLUMINANCE FROM GROUND -- THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 15

I ROOM DEPTH/ I ,
I WINDOW HEIGHT I WIND'OW WIDTH / WINDOW HEIGHT W / H IisI I I

I D / H Z D I o5 1 2 3 4 6 8 INF I

I 10 I 022 040 063 076 084 100 106 107 I
I 30 I 025 045 068 080 086 099 101 102 I
I 1 50 I 027 050 075 086 092 106 107 108 I
I 70 I 026 050 075 087 092 111 113 113 I
I 90 I 023 044 066 078 083 115 116 116 I

I 10 1 020 035 053 064 072 081 085 086 1
I 30 I 021 043 067 079 087 093 095 096 I
I 2 50 I 019 043 072 086 095 098 100 101 I
I 70 I 017 039 068 083 092 096 099 100 I
I 90 I 014 032 056 069 077 091 094 095 I

I 10 1 022 035 053 062 069 078 091 093 1
I 30 I 018 039 064 077 084 090 104 107 I
I 3 50 I 014 032 057 071 080 085 093 096 I
I 70 1 011 025 045 057 065 071 076 078 1
I 90 I 009 020 035 044 051 059 066 068 I

I 10 I 020 036 055 065 070 078 087 092 I
I 30 I 014 034 059 072 079 085 092 097 I
I 4 50 I 010 023 043 054 061 068 072 075 I
I 70 I 008 016 029 038 043 049 053 056 I
I 90 I 007 013 023 029 033 038 042 045 I

I 10 I 022 044 062 072 078 084 092 104 I
I 30 I 010 024 043 055 062 069 074 083 I
i 6 50 I 006 013 023 029 034 040 044 050 I

70 I 005 010 015 018 021 024 027 031 I
1 90 1 005 009 013 015 017 019 022 024 1

I 10 I 017 041 065 078 086 093 095 117 I
I 30 I 006 016 030 039 045 052 055 068 I
I 8 50 I 004 008 014 018 020 024 026 032 I
I 70 I 003 007 010 012 013 015 016 020 I
I 90 I 003 006 009 010 011 012 013 016 I

I 10 I 013 036 069 078 086 096 098 134 I
I 30 I 004 010 022 028 032 038 041 056 I
I 10 50 I 002 006 010 012 014 016 017 024 I
I 70 I 002 005 008 008 009 010 011 015 I
I 90 I 002 005 007 008 008 009 010 013 I

--.-..-.......... ....... ...- . ... ....... . -.-- -. ,. ,-
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ILLUMINANCE FROM GROUND -- 7HRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 30

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HFIGHT W / H I
I I I.-

I D / H X D I .5 1 2 3 4 6 8 INF I

I 10 I 030 053 084 104 116 140 152 152 I
I 30 I 031 056 084 100 108 124 128 129 1
I 1 50 I 032 060 090 106 113 127 130 130 I "'

I 70 I 031 059 089 105 111 129 131 1:32 I
I 90 I 027 052 078 093 099 128 130 131 I

I 10 I 025 043 066 080 089 105 11.1 112 I
1 30 I 025 050 078 092 099 112 114 116 I
I 2 50 1 022 048 079 095 103 110 112 114 1
I 70 I 018 041 070 086 095 100 103 104 I
I 90 I 015 033 056 069 077 089 092 093 I

1 10 I 026 043 064 076 084 098 117 121 I

1 30 I 021 044 072 087 094 103 127 131 1
3 50 I 015 034 059 073 081 OR7 106 109 I

I 70 I 012 024 043 054 061 Y47 07 079 I
1 90 I 010 019 032 040 046 053 ,062 063 I

1 10 I 024 044 066 078 084 096 113 119 I
I 30 I 016 037 063 077 085 092 108 114
I 4 50 1 010 023 041 052 058 065 072 075 1
1 70 I 008 016 027 033 038 043 048 051 I
I 90 I 007 013 021 025 029 033 037 039 I

I 10 I 025 053 077 091 098 105 116 131 I
I 30 I 010 026 044 056 063 070 079 089 I
I 6 50 I 006 013 021 026 030 035 039 044 I
1 70 I 005 010 014 017 018 021 024 027 I
I 90 I 005 009 013 014 015 017 019 022 I

I 10 I 019 047 078 095 105 114 116 144 I

I 30 I 006 016 029 038 044 050 053 065 I
I 8 50 I 004 008 013 016 018 021 022 028 I
I 70 1 003 007 010 011 012 013 014 017 1
I 90 1 003 007 009 010 011 012 012 015 1

I 10 1 013 037 074 085 095 106 109 148 1
I 30 I 003 010 020 025 029 034 036 050 I
I 10 50 1 002 005 009 010 012 013 014 020 1

I 70 1 002 005 007 008 008 009 010 013
I 90 I 002 005 007 007 008 008 009 012 1

---
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ILLUMINANCE FROM GROUND .... THRU COMPONENT
HORIZONTAL BLINDS, ANGLE = 45

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I

I D / H % D 1 .5 1 2 3 4 6 8 1NF I

I 10 I 034 060 094 114 127 176 194 195 I
I 30 I 033 059 089 103 112 147 153 154 I
I 1 50 1 033 061 092 106 113 146 150 151 I
I 70 I 031 059 090 103 110 144 147 147 1I
1 90 1 028 053 080 093 098 138 141 141 1

I 10 I 027 047 071 084 096 127 134 135 I
I 30 I 026 051 078 090 099 126 129 131 I
I 2 50 1 021 045 073 086 093 114 117 118 1
I 70 I 017 036 060 072 080 094 096 097 I
1 90 I 014 029 046 056 063 077 080 080 I

I 10 I 026 046 068 079 092 116 118 121 I
I 30 I 020 042 068 081 089 110 123 126 1
I 3 50 I 014 029 050 060 068 080 097 100 I
1 70 1 011 021 034 041 047 055 064 066 1
I 90 I 009 017 025 031 035 042 048 049 I

I 10 I 025 049 075 087 093 112 120 126 I
I 30 I 016 035 059 070 077 091 107 113 I
I 4 50 I 010 020 034 041 046 054 061 064 I
I 70 1 008 014 022 026 029 033 038 040 1
I 90 I 007 012 017 020 022 026 029 030 I

I 10 1 023 054 083 100 109 116 113 128 1
I 30 I 009 023 040 050 056 061 070 078 I
I 6 50 I 005 011 017 021 023 027 029 033 I
I 70 I 004 009 012 013 015 016 017 020 I
1 90 I 004 008 011 012 013 014 015 017 I

1 10 I 015 041 071 088 098 106 109 134 I
1 30 I 005 013 023 030 035 039 041 051 I
1 8 50 I 003 006 010 012 013 015 016 020 I
" 70 I 002 005 007 008 009 010 010 013 I
I 90 I 002 005 007 008 008 009 009 012 I

I 10 I 010 028 058 067 075 083 086 117 I
I 30 I 002 007 014 017 020 024 025 034 I
I 10 50 1 002 004 006 007 008 009 009 013 1
I 70 I 001 003 005 005 006 006 006 009 I
I 90 I 001 003 005 005 006 006 006 008 I

-- - - - - - - - - - - -
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ILLUMINANCE FROM GROUND -- rHRIJ COMPONENT
HORIZONTAL RLINDS, ANGLE = 60

.4:

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I
I D / H ZO .5 1 2 3 4 6 8 INF I

I 10 I 034 057 086 110 121 165 183 184 I
I 30 I 031 054 078 095 102 132 139 139 I
1' I 1 50 I 030 053 078 093 098 129 133 134 1
I 70 I 027 050 074 087 092 125 128 128 I
I 90 I 024 044 065 077 082 117 120 120 I

I 10 I 026 045 064 080 10.3 114 121 122 I
I 30 I 023 043 064 077 097 110 112 114 I
I 2 50 I 018 035 054 065 080 094 096 097 1
I 70 I 014 026 041 050 061 071 073 074 I
I 90 I 012 021 031 038 047 055 056 057 I

I 10 I 027 049 072 083 099 103 069 071 I
I 30 I 020 038 059 069 083 092 071 073 I
I 3 50 I 013 024 037 043 052 059 054 056 I
I 70 1 010 017 024 028 033 037 034 035 1
1 90 1 009 014 019 021 025 027 024 025 I

I 10 I 025 050 078 091 097 100 078 082 1
I 30 I 015 031 051 060 065 072 067 071 I
I 4 50 I 008 016 025 030 032 0.36 035 037 I
I 70 I 007 012 016 018 020 021 020 021 I
I 90 1 006 010 014 015 016 016 015 016 1

I 10 I 015 037 059 072 079 084 066 074 I 
I 30 I 006 015 025 031 035 038 038 043 I
I 6 50 I 003 007 010 012 013 015 014 016 I
I 70 I 003 005 007 008 008 009 008 009 1
I 90 I 003 005 007 007 008 008 007 008 I

I 10 I 008 022 039 048 054 058 060 074 I
I 30 I 002 006 012 015 017 019 020 025 I
I 8 50 I 001 003 005 005 006 007 007 009 I

. 1 70 I 001 003 004 004 004 004 005 006 I
I 90 I 001 003 004 004 004 004 004 005 I

I 10 I 004 013 028 032 036 041 042 057 I
I 30 I 001 003 006 008 009 010 011 015 I
I 10 50 I 001 002 003 003 003 004 004 005 1
I 70 I 001 001 002 002 002 003 003 004 I
I 90 I 001 001 002 002 002 003 003 004 I

. .,
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ILLUMINANCE FROM GROUND -- rHRU COMPONENT
HORIZONTAL BLINS, ANOLE = 75

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I

D H % D 1 *5 1 2 3 4 6 8 INF I

I 10 I 027 041 073 088 097 057 064 064 I
I 30 I 023 037 062 074 079 045 048 048 1

I 1 50 1 021 034 058 069 073 043 045 045 1
I 70 I 019 030 052 062 (166 042 043 043 I
I 90 I 017 027 045 054 057 038 039 039 I

I 10 I 023 040 058 065 056 039 042 042 I
I 30 I 019 034 049 056 050 037 038 038 I

I 2 50 I 014 024 035 040 038 031 031 032 I
I 70 I 011 018 024 028 026 022 023 023 1
I 90 1 010 014 019 021 019 016 016 017 1

I 10 I 016 030 045 052 046 035 o1 019 I
I 30 1 011 021 032 038 036 030 018 019 I
I 3 50 I 007 012 017 020 020 018 013 014 I
I 70 I 005 008 011 012 012 010 008 008 I

I 90 I 005 007 009 010 009 007 005 005 I

I 10 I 010 021 033 039 042 034 022 023 I
I 30 I 006 012 019 023 024 023 01 019 I
I 50 I 003 006 008 010 010 010 008 009 I

I 70 I 003 004 005 006 006 005 004 005 I
I 90 I 002 004 005 005 005 005 003 004 I

I 10 I 004 010 018 022 024 025 017 019 I
I 30 I 001 004 007 008 009 010 009 010 1
I 6 50 I 001 002 002 003 003 003 003 003 I
I 70 I 001 001 002 002 002 002 002 002 I
I 90 I 001 001 002 002 002 002 002 002 I

I 10 I 002 005 009 012 013 014 015 018 I
1 30 I 000 001 002 003 003 004 004 005 I
I 8 50 I 000 001 001 001 001 001 001 002 1
I 70 I 000 001 001 001 001 001 (101 001 I

I 10 I 001 002 005 006 007 008 008 Ott I
I 30 I 000 000 001 001 001 002 002 002 I
I 10 50 I 000 000 000 000 000 001 001 001 I

1 70 I 000 000 000 000 000 ((0 (00 001 I

I 90 I 000 000 000 000 000 000 (100 001 I

--t
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ILLUMINANCE FROM GROUND -- rHRU COMPONENT
VERTICAL BLINDS, ANGLE 0

I ROOM DEPTH / I
-; I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

I / H z D I ,5 1 2 3 4 6 8 INF I

I 10 I 028 031 028 024 019 015 011 011 1I
I 30 I 035 038 034 028 023 017 013 013 I
I 1 50 I 038 043 038 031 025 019 014 014 I
1 70 I 037 044 039 032 026 020 015 015 I
I 90 1 033 039 034 028 023 021. 016 016 1

1 10 1 028 031 (029 025 022 016 (013 (013 1
I 30 I 031 039 038 033 028 021 016 016 1
I 2 50 1 027 040 042 037 032 023 (18 018 1
I 70 I 023 036 041 038 033 024 019 019 I
I 90 I 019 029 034 032 028 024 019 019 I

I 0 I 032 032 030 026 022 017 015 015 I
I 30 I 028 036 038 0:34 029 022 018 019 I
I 3 50 I 020 030 035 033 030 022 018 019 I
I 70 I 015 023 029 029 028 021 017 018 I
I 90 1 013 018 023 024 023 020 017 017 I

I 10 1 032 034 032 027 023 018 015 015 1
I 30 I 022 032 036 033 029 022 018 018 I
1 4 50 I 014 022 028 027 025 020 016 017 I
I 70 I 010 015 020 021 021 017 014 015 I
I 90 I 009 013 016 017 017 015 013 014 I

1 10 I 026 041 036 031 026 019 016 018 I
I 30 1 012 024 027 027 025 020 016 018 I
1 6 50 1 007 012 015 016 016 014 012 014 I
I 70 I 006 009 010 011 Ol 010 010 Ol I
I 90 I 005 008 008 009 009 009 009 010 I

I 10 1 020 039 037 033 028 021 017 020 1

. I 30 I 007 015 020 020 020 017 014 017 I
I 8 50 I 004 008 009 010 011 010 009 011 I
I 70 I 004 006 006 007 007 007 006 008 I
I 90 1 003 006 006 006 (06 006 (06 007 1

I 10 I 015 033 043 033 029 022 017 023 1
I 30 I 004 010 016 015 014 014 012 016 I
I 10 50 I 003 005 007 007 007 007 007 009 I
I 70 I 002 004 005 005 005 005 004 006 I
I 90 I 002 004 005 004 004 004 004 005 I

--
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ILLUMINANCE FROM 'ROUND -- THRU COMPONENT
VERTICAL. BLINDS, ANGL.E = 15

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WID'rH / WINDOW HEIGHT W / H I
I I

I D / H z Ii I .5 1 2 3 4 6 8 XNF I

I 10 1 031 035 034 029 025 020 016 016 I
I 30 1 035 040 037 031 026 020 015 015 I
I 1 50 1 037 044 041 034 028 021 016 016 I
I 70 1 035 044 041 034 028 022 017 017 1
I 90 1 031 039 036 030 025 022 017 017 1

I 10 I 028 032 031 028 025 019 015 015 I
I 30 I 030 039 039 035 030 022 018 018 I
1 2 50 1 025 038 042 038 034 024 019 019 1
I 70 I 021 034 040 038 034 025 020 020 1
I 90 1 017 028 033 032 029 025 019 020 1

I 10 1 031 033 031 027 024 019 016 017 1
I 30 1 026 035 038 035 030 023 019 020 1
I 3 50 1 018 028 034 034 031 023 019 020 I
I 70 1 013 021 028 029 028 022 018 019 I
I 90 1 012 017 022 023 023 020 017 018 1

I 10 1 030 034 033 029 025 019 016 017 1
I 30 1 020 030 035 033 030 022 018 019 1
I 4 50 I 012 020 026 027 026 021 017 01.8 I
I 70 I 009 014 019 020 020 017 015 016 I
I 90 I 009 012 015 016 017 015 014 015 I

1 10 I 024 040 036 032 027 020 017 019 I
1 30 I 010 022 026 026 025 020 017 019 I
I 6 50 1 006 011 014 016 016 015 013 014 1
I 70 1 005 008 009 010 010 010 010 011 I
I 90 I 005 007 008 008 008 009 008 009 I

1 10 I 018 037 037 034 029 022 017 021 I
1 30 I 006 014 018 020 020 017 014 017 I

" I a 50 1 003 007 009 010 010 010 009 (11 1
I 70 I 003 006 006 006 006 006 006 008 I
I 90 I 003 005 005 005 005 005 005 007 I

I 10 I 013 030 043 033 029 023 018 (324 I
I 30 I 003 009 015 014 014 014 012 016 I
I 10 50 I 002 005 007 006 007 007 007 009 I
I 70 I 002 004 005 004 004 004 004 006 I
I 90 I 002 004 004 004 004 004 004 005 I

---------
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" ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS, ANGL.E = 30

I ROOM DEPTH / I I
I WINDOW HEIGHT i WINDOW WIDTH / WiNDOW HFI*J(HT W / H I
I I I
I D / H 2 p I .5 1 2 3 4 6 8 'NF I

I 10 1 030 037 040 037 032 027 022 022 I
I 30 I 032 039 040 036 030 024 019 019 1
1 1 50 1 032 042 043 038 0'32 025 019 019 1
I 70 1 030 041 043 038 032 025 020 020 1
I 90 I 026 037 038 034 028 026 020 020 I

I 10 1 026 031 033 031 028 023 019 019 1
I 30 I 025 035 039 037 033 025 020 020 I
I 2 50 I 020 033 041 039 036 027 022 022 1
I 70 I 016 028 037 038 036 028 022 022 I
I 90 I 014 023 030 032 031 028 022 022 I

1 10 I 028 031 032 029 027 022 019 020 I
I 30 I 021 031 037 035 032 025 022 022 I
I 3 50 1 014 023 031 033 031 025 021 022 I
I 70 I 011 017 024 026 027 023 020 020 I
I 90 I 009 013 018 021 022 021 019 020 I

I 10 I 026 031 033 030 027 021 018 019 I
I 30 I 015 025 033 033 031 024 020 021 I

1 4 50 I 009 016 023 025 025 022 019 019 I
I 70 I 007 011 016 018 018 017 016 017 I
I 90 1 007 009 012 014 014 015 014 015 1

I 10 I 017 036 035 033 029 022 019 021 I
I 30 1 007 017 023 025 025 022 018 020 1
I 6 50 I 004 009 012 013 014 014 013 015 I
I 70 I 003 007 007 008 007 009 009 011 I
I 90 I 003 006 006 007 007 007 008 009 I

I 10 I 012 029 035 034 031 024 019 024 I
I 30 I 004 010 015 018 018 017 015 019 I
I I 50 I 002 005 007 008 009 009 009 011 I
1 70 1 002 004 005 005 005 005 006 007 1
1. 90 1 002 004 004 005 004 004 005 006 1

I 10 I 008 022 041 032 030 025 020 027 I

10I30 1 002 006 012 012 013 013 012 Ot7 I
1- 10 50 1 001 003 005 005 006 006 006 008 1

I 70 1 001 003 004 004 004 004 004 005 I
I 90 I 001 003 004 003 003 003 003 004 I

-------
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ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL. BL[NDS, ANGLE = 45

I ROOM DEPTH / I
I WINDOW HEIGHT I WINIOW WIDIH / WINDOW HEIGHT W / H I
I I I

I D / H Z IJ I .5 1 2 3 4 6 8 XNF I

I 10 I 027 036 045 045 042 037 4031 032 I
I 30 I 027 036 043 042 038 031 025 025 I
I 1 50 I 025 037 045 043 (39 031 025 025 I
I 70 I 023 036 044 043 038 032 025 025 I
I 90 I 019 032 039 039 034 0:32 025 025 I

I 10 I 024 029 034 034 03 (29 025 025 I
1 30 020 030 038 038 037 030 025 025 1
I 2 50 1 015 026 057 039 039 032 026 027 I
I 70 1 012 021 032 035 037 032 027 027 I
I 90 1 010 016 025 029 030 031 026 027 I

1 10 I 023 029 032 032 030 026 024 025 I
I 30 I 014 025 034 036 035 029 026 027 I
I 3 50 I 009 017 026 030 031 023 025 025 I
I 70 I 007 012 018 0212 024 024 022 023 I
1 9I00 4 007 010 014 06 018 020 021 021 I

I 10 I 018 029 034 033 030 325 022 024 I
I 30 I 009 020 029 032 032 028 024 025 I
I 4 50 I 006 011 018 021 023 023 021 022 I
I 70 I 005 008 012 014 015 016 016 017 I
I 90 I 004 007 009 010 0 0(2 013 004 I

I 10 I 009 025 033 035 033 026 (322 025 I
I 30 I 004 006 018 022 023 023 016 020 I31
I 6 50 I 002 005 (30 006 07 008 0014 015 I
1 70 I 002 004 006 006 007 008 008 009 I
I 90 I 001 004 005 005 005 0046 006 007 I

I 10 I 006 018 033 033 035 028 023 028 I
I 30 I 002 006 8 004 01 2 01 2 016 020 I
I 8 50 I 001 003 005 004 007 00 008 010 I
I 70 I 001 003 004 004 004 004 005 006 I
1 90 1 001 003 004 004 004 004 004 004 1

1 10 1 004 012 031 031 030 028 023 032 1
1. I 30 1 001 00:5 008 009 011 012 012 016 I1-

"1 10t 50 1 001 002 004 004 (004 005 005 007 1 "

,.1 70 1 001 002 003 003 003 003 003 004 1

I 90 I 001 002 003 003 003 002 002 003 I

-. ! - - - - - -- --
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ILLUMINANCE FROM GROUND -- THRU COMPONENT
VERTICAL BLINDS, ANGLE 60

I ROOM DEPrH / I I
I WINDJOW HEIGHT I WINDOW WIDTH / WINDOW HI1(HT U / H III I I"-

I D/ H % I 1 .5 1 2 3 4 6 8 INF I

1 10 1 023 032 046 053 054 053 047 047 1
1 30 1 02t 030 041 046 046 043 035 036 1
I 1 50 I 018 030 042 047 047 043 035 035 I
I 70 I 015 027 040 045 046 044 035 035 I
I 90 I 013 024 035 041 041 044 035 035 I

I 10 I 021 026 033 036 038 038 034 034 I
I 30 I 015 024 034 038 039 038 033 033 I
I 2 50 1 010 016 030 035 038 037 034 034 1
I 70 I 008 014 024 029 033 034 033 03.3 1I
1 90 1 007 011 018 023 02.6 031 031 031 1

I 10 I 014 026 033 034 035 033 032 033 I
I 30 I 007 019 029 033 035 034 033 034 I
1 3 50 I 004 012 019 024 028 029 029 030 I
I 70 I 004 008 013 016 019 022 023 024 I
I 90 1 003 007 010 012 014 017 019 020 1

1 10 1 009 024 035 036 035 032 029 031 I
I 30 1 004 014 (024 028 030 030 029 030 1 .

3 4 50 I 002 008 013 016 019 021 022 023 I
I 70 1 002 006 008 010 011 013 015 016 1
1 90 I 002 005 007 008 008 010 011 012 I

I 10 I 003 013 033 039 039 033 030 033 1
-; 6 30 I 001 005 015 018 020 022 022 025 I.""

I 50 1 001 003 006 007 009 010 012 014 1
I 70 I 001 002 004 005 005 006 007 007 I
I 90 I 001 002 004 004 004 005 005 005 I

I 10 I 002 007 026 034 040 036 030 037 I
I 30 I 000 002 008 011 013 015 016 019 I
I 8 50 1 000 001 003 004 005 006 006 008 1

70 1 000 001 003 003 003 003 004 004 1
I 0 I 000 001 00:5 003 003 003 003 004 I

I 10 1 001 004 016 028 031 036 031 042 1

I 30 I 000 001 004 007 008 010 011 015 I

I 10 50 1 000 001 002 003 003 003 004 005 1
I 70 I 000 001 002 002 002 002 002 003 I
I 90 1 000 001 002 002 002 002 002 003 1

• -,,- - - -.-.............................. -.. -..-....-.-.-.-.-..... -................ ....
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ILLUMINANCE FROM GROUND -- THRIJ COMPONENT
VERIXCAL BLINDS, ANGLE = 75

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HE[GHT / H I

i. :I I I

I D / H l 0 1 *5 1 2 3 4 6 8 INF I

I 10 I 018 023 038 052 059 080 080 080 I
I 30 I 015 020 033 044 048 063 059 060 I
I 1 50 I 011 019 031 042 046 061 058 058 I
I 70 I 009 016 029 038 043 060 057 057 I
1 90 I 008 014 025 034 038 057 055 055 I

10 I 008 020 029 036 043 050 049 049 1
I 30 I 005 016 026 033 040 048 045 046 I
1 2 50 I 003 011 019 026 032 042 040 041 I
I 70 I 003 008 014 019 024 032 033 033 I
1 90 I 002 007 011 015 019 025 027 027 I

I 10 I 004 013 029 035 041 045 045 047 I
I 30 I 002 009 021 027 033 041 046 048 I
I 50 I 001 005 012 016 020 026 035 036 I
1 70 1 001 004 008 010 013 016 0)22 022 1
1 90 1 001 003 007 0084 010 012 015 016 1

I 10 I 002 009 025 035 040 043 044 047 I
I 30 I 001 005 015 022 026 032 038 040 I
I 4 50 I 000 002 008 011 012 016 020 021 I
I 70 I 000 002 005 007 007 009 011 012 I
I 90 I 000 002 005 006 006 007 008 009 I

I 10 I 000 003 014 026 035 043 043 049 I
I 30 1 000 001 006 011 015 019 024 027 I
I 6 50 I 000 001 002 004 006 007 009 010 I
I 70 I 000 000 002 003 004 004 005 005 I
I 90 I 000 000 002 003 004 004 004 005 I

I 10 I 000 001 008 017 024 036 042 052 I
I 30 1 000 000 002 005 008 012 013 017 1
I 8 50 1 000 000 001 002 003 004 004 005 1
I 70 I 000 000 001 002 002 003 003 004 I
I 90 I 000 000 001 002 002 003 003 003 I

I 10 I 000 000 003 011 017 026 034 046 I
I 30 I 000 000 001 002 004 007 008 011 I
I 10 50 I 000 000 000 001 002 002 003 004 I
I 70 I 000 000 000 001 001 002 002 003 I
I 90 1 000 000 000 001 001 002 002 003 I

h.]

--- - --- -•-..---. . s. ..- . - .- -.. .--.-. ..----.
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ILLUMINANCE FROM UNDJERSID.E OF B~i-NES (HIDDrEN FR~OM SUN)
HORIZONTAL BLINDSP ANGLE =0

I ROOM DEPTH! I I
I WINDOW HEIGHT I WINDOW WJITH /WINDOW HEIGHT W /H I

I D /H % 11 1 .5 1 2 3 4 6 8 1INF I

1 10 1 685 813 1025 1230 1430 1802 2161 216V I
130 1 255 334 401 458 518 621 730 732 1

1 1 50 1 141 205 253 282 313 356 411 412 1
1 70 1 090 139 180 199 218 2.34 265 266 1
1 90 1 068 107 142 155 169/ 166 186 187 1

1 10 1 359 447 552 647 738 Y14 1086 1097 1
1 30 1 097 147 192 215 233 268 30?' 310 1
1 2 50 1 039 065 093 106 112 122 137 138 1
1 70 1 022 036 054 062 066 069 077 078 1
1 90 1 017 027 040 047 050 049 055 056 1

1 10 1 228 307 379 439 494 602 702 720 1
14 30 1 043 072 101 116 124 139 149 153 1
1 3 50 1 015 026 040 048 052 056 055 056 1
1 70 1 010 016 025 031 034 036 033 034 1
1 90 1 009 013 020 025 027 029/ 026 026 1

1 10 1 255 225 283 324 362 435 503 528 1
1 30 1020 036 054 064 070 078 083 087 1

-~1 4 50 1 008 013 021 027 031 034 034 036 1
1 70 1 006 010 015 019 022 025 024 025 1

I90 1 005 009 013 016 019 021 020 021 1

1 10 1 077 128 173 196 215 252 28? 322 1
1 30 1 006 012 020 025 028 032 033 037 1

I 6 50 1 003 006 009 012 014 017 017 01V I
1 70 1 002 005 008 010 011 014 014 016 1
1 90 1 002 005 007 009 010 01.3 012 014 1

1 10 1 042 075 108 124 135 155 174 214 1
1 30 1 002 005 009 012 014 016 018 022 1
1 8 50 1 001 003 005 007 008 009? 011 013 1
1 70 1 001 003 004 006 007 008 010 012 1

I90 1 001 002 004 005 006 008 009 011 1

1 10 1 024 044 068 079 086 09?7 108 147 1
1 30 1 001 003 005 006 008 009 010 014 1
1 10 50 1 001 002 003 004 005 006 007 009 1

170 1 001 001 003 004 004 005 006 008 1
1 90 1 001 001 003 003 004 005 005 007 1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



T - 32

ILLUMINANCE FROM UNDERSIDE OF BLINDIS (HIDDEN FRLIM SUN)
HORIZONTAL BLINDS, ANGL.E 15

I ROOM DEPTH / I I
I WINDOW HEiGH'r I WINDOW WTDTH / WINDOW HI>it;HT W / H I
I I I t

I D / H X D I ,5 1 2 3 4 6 8 1NF I

I 10 I 711 849 1073 1289 1501 1891 2271 2277 I
I 30 I 280 370 449 515 582 700 823 826 I
I 1 50 I 164 242 304 342 379 436 502 504 I
I 70 I 112 177 233 261 286 313 355 356 I
I 90 I 089 144 198 220 241 244 274 275 I

I 10 I 381 477 589 691 789 977 1161 1173 I
I 30 I 115 177 232 261 284 329 376 380 I
I 2 50 I 053 089 129 149 159 177 198 200 I
I 70 I 032 055 084 100 107 117 130 131 I
I 90 1 025 042 066 079 086 091 101 102 I

1 10 I 249 336 415 480 541 660 768 788 I
I 30 I 057 096 136 156 168 190 206 211 I
I 3 50 1 023 041 064 078 085 094 096 099 1
I 70 I 015 026 041 052 057 064 063 065 I
I 90 1 012 021 034 043 047 053 052 053 1

I 10 1 175 254 319 365 408 490 567 594 1
I 30 1 031 055 083 098 108 121 130 136 1
I 4 50 I 012 023 037 046 052 060 061 064 I
I 70 I 009 015 025 032 037 043 044 046 I
I 90 I 008 013 021 027 032 037 038 040 I

I 10 1 094 156 209 236 259 303 344 387 1
I 30 1 011 023 037 045 051 058 061 068 1
I 6 50 1 005 010 017 022 025 031 032 036 1
I 70 I 004 008 013 017 019 024 025 028 I
I 90 I 004 007 012 015 017 021 022 025 I

I 10 I 056 099 141 161 175 201 226 278 1
I 30 I 005 011 019 024 028 033 036 044 I
I 8 50 I 003 006 010 013 015 018 021 025 I
1 70 I 002 005 008 010 012 015 017 021 I
I 90 I 002 004 007 009 011 013 015 019 I

I 10 1 035 064 098 113 123 139 155 210 1
1 30 1 003 006 012 015 017 020 023 031 1

I 10 50 I 001 003 006 008 010 012 013 018 1I
I 70 I 001 003 006 007 008 010 011 015 I
I 90 I 001 003 005 006 007 009 010 014 I

:2-''-'. -- --"- ------ -'--"- ---"- -.- ------ --- --,-." -" ---- --.-,. " -" , -. ----.-. .-- ----- --- - ,-,-- -...- -
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ILLUMINANCE FROM UNDERSIDE IF BLINDS (HIDDEN FROM SUN)

HORIZONTAL BLINDS, ANGLE = 30

* I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH , WINDOW HE.IGHI W / H I

I D / H x D I .5 1 2 3 4 6 8 INF I

1 10 I 735 883 1124 1352 1577 1998 2406 2414 I
I 30 I 302 403 49-4 569 645 784 923 926 I
I 1 50 I 184 276 352 397 441 518 598 600 I
I 70 I 131 210 282 318 350 395 449 451 I
I 90 1 107 177 246 278 305 327 368 370 1

I 10 I 399 502 623 732 836 1037 1233 1246 I
I 30 I 130 203 268 303 331 384 440 445 I
I 2 50 I 065 111 163 189 204 229 256 259 I
1 70 1 041 073 114 137 149 166 184 186 1
I 90 I 033 059 0?4 114 126 138 153 154 I

I 10 I 266 360 446 516 582 710 827 848 I
I 30 1 069 117 166 192 208 236 256 263 1
I 3 50 1 030 056 088 107 118 133 139 142 I
I 70 I 020 036 059 075 084 096 098 101 I
I 90 I 017 030 049 062 070 081 083 085 I

I 10 I 191 277 349 399 447 537 621 651 I
I 30 I 039 072 109 129 142 160 173 181 1
I 4 50 I 017 032 054 067 077 088 093 098 I
1 70 I 012 022 037 047 055 064 067 071
1 90 I 010 019 031 040 046 055 058 061 1

I 10 I 108 179 238 269 296 346 393 442 I
I 30 I 016 033 055 067 075 086 092 103 I
I 6 50 I 008 016 026 034 039 047 050 056 1
I 70 1 006 012 019 024 028 035 037 042 1
I 90 I 005 011 017 021 025 031 033 037 I

I 10 1 067 120 169 193 210 241 271 333 1
I 30 I 008 018 031 039 045 052 057 071 I
I 8 50 1 004 009 015 020 023 028 032 039 1
, 70 1 003 007 012 015 017 021 024 030 I
I 90 I 003 007 (11 014 016 019 022 027 I

I 10 I 044 082 124 143 155 175 195 265 I
I 30 I 004 010 019 025 029 034 038 051 I
I 10 50 I 002 006 01.0 013 01.5 018 021 028 I
I 70 1 002 005 009 010 012 014 016 022 1
I 90 1 002 005 008 010 011 013 015 020 1

-----

* . . -% - ' -% ' ' ' - .% . . , - , ~ - .. ° . ' - . " .,. .
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ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDIE.N FROM SUN)
HOR[ZONTAL BLINDS, ANIL.E = 45

I ROOM DEPTH / I I
I WINDOW HEIGH'[ I WINDOW WiD'TH / WINDOW HEIGHT W / H I

II I

I D /H Z DI .5 1 2 3 4 6 8 INF I

I 10 I 757 918 1177 1422 1664 2119 2562 2570 I
I 30 I 321 434 539 624 709 868 1026 1029 I
I 1 50 I 202 307 397 452 504 598 693 69t- I
I 70 1 147 240 327 372 411 474 541 543 1
I 90 I 122 205 289 330 363 407 459 461 1

I 10 I 414 525 656 773 883 1098 1307 1321 1
I 30 I 143 226 301 342 375 438 502 507 I
I 2 50 I 075 131 194 226 246 279 313 316 I
I 70 I 049 090 143 172 189 213 236 239 I
I 90 I 040 074 119 147 163 183 202 205 1

I 10 I 280 381 474 550 621 759 882 905 I
I 30 1 078 135 194 225 245 279 306 314 1
1 3 50 1 037 069 110 135 149 169 180 184 1
1 70 1 025 046 077 097 109 126 131 135 1
1 90 1 021 038 064 081 093 108 114 117 1

I 10 1 203 297 376 431 483 581 671 705 1
I 30 1 046 086 132 157 173 197 214 225 1
I 4 50 I 021 042 070 087 100 115 123 129 I
I 70 I 015 028 048 061 071 084 090 094 I
I 90 I 013 024 040 052 061 073 078 082 I

I 10 I 120 199 265 300 330 386 438 493 I
6 30 I 021 043 071 087 098 113 121 136 I

I 6 50 I 010 021 035 045 052 062 067 075 I
I 70 I 008 016 025 032 037 045 049 055 I
I 90 I 007 014 022 028 032 040 043 048 I

I 10 I 076 137 194 222 242 278 313 385 I
I 30 I 011 024 041 053 060 071 078 096 I
I 8 50 I 005 012 021 026 031 037 042 052 I
I 70 I 005 010 016 020 023 028 032 039 I
I 90 I 004 009 014 018 021 025 029 035 I

I 10 I 050 097 148 170 186 210 234 318 I
I 30 I 006 014 027 034 040 048 053 072 I
I 10 50 I 003 008 014 017 020 025 (28 038 I
I 70 I 003 007 011 014 016 019 021 029 I
I 90 I 003 006 011 013 014 017 020 027 I

---------------------------------- -------- ----- -
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ILLUMINANCE FROM UNDERSIDE OF BL1N1DS (HIDDEN FROM SUN)
HORIZONTAL BLINDS, ANGLE = 60

I ROOM DEPTH / I I
I WINDOW HEIGHr I WINDOW WIIITH / WINDOW HEIGHT b / H I" I I I .

I D / H % DI .5 1 2 3 4 6 8 INF I

I 10 1 779 955 1235 1498 1758 2252 2735 2744 1
I 30 1 339 465 585 681 777 958 1135 1138 1
I 1 50 1 219 337 442 507 568 681 791 794 1
I 70 1 163 269 371 426 472 555 636 637 1
I 90 1 136 230 328 380 420 485 550 551 I

I 10 I 428 547 690 815 933 1165 1388 1404 I
I 30 1 155 247 334 383 420 496 569 575 1
I 2 50 1 084 149 224 263 287 331 372 376 1
I 70 I 057 105 168 204 225 258 287 290 I
I 90 I 047 086 141 174 194 223 247 250 I

I 10 1 292 400 503 585 662 812 942 967 1
I 30 1 087 152 221 258 281 326 361 371 I
I 3 50 1 043 081 130 160 177 204 224 229 1
I 70 1 029 055 091 116 130 153 163 167 1
I 90 I 025 046 076 097 111 131 140 144 I

I 10 I 214 315 403 464 520 629 728 765 I
I 30 1 052 099 154 183 204 234 261 274 1
I 4 50 1 025 049 083 104 119 139 151 159 1
I 70 I 018 034 057 073 085 101 110 115 I
I 90 I 016 029 048 062 072 088 095 100 I

I 10 I 129 218 292 333 368 432 487 549 I
I 30 1 024 051 085 105 119 138 151 170 1
I 6 50 1 012 025 042 054 062 075 081 092 1
I 70 1 010 019 031 038 044 054 058 066 1
I 90 I 009 018 027 034 039 048 052 058 I

I 10 I 083 152 218 252 276 318 358 442 I
I 30 I 013 029 050 064 074 087 096 119 I
I 50 1 007 015 025 032 037 045 051 062 1
I 70 I 006 012 019 024 027 033 038 046 I
I 90 1 005 011 018 022 025 030 034 042 1

I 10 I 055 108 167 193 212 242 269 367 I
I 30 1 007 017 033 041 048 058 064 088 1
I 10 50 I 004 009 017 021 024 029 033 045 I
I 70 I 003 008 014 016 019 022 025 034 I
I 90 I 003 008 013 015 017 020 023 032 1
---



T - 36

ILLUMINANCE FROM UNDERSIDE OF BLINIS (HILIIIEN FROM SLN)
HORIZONTAL BLINDS, ANGLE = 75

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINIDOW HEIGHT W / H I
I I I-.

I P / H x D I .5 1 2 3 4 6 8 XNF I

I 10 I 808 1000 1306 1593 1875 2399 2926 2936 1
I 30 I 362 503 641 754 862 1059 1258 1262 1
I 1 50 I 239 373 496 575 647 775 903 906 1
I 70 I 181 301 420 489 545 644 74t 743 I
I 90 1 152 259 372 436 484 569 648 650 1

I 10 I 446 577 734 874 1006 1244 1486 1502 1
I 30 I 169 273 374 434 483 565 650 657 1
I 2 50 1 094 169 256 305 338 390 440 445 1
1 70 1 065 121 193 236 264 304 340 343 1
I 90 1 054 099 161 199 225 259 289 292 1

I 10 I 308 427 545 638 723 878 989 1015 I
1 30 1 097 172 254 299 330 382 405 415 1
I 3 50 I 049 093 151 186 208 240 257 264 I
I 70 I 035 064 106 133 151 176 185 190 I
I 90 I 030 054 087 111 127 150 156 160 I

I 10 I 226 338 441 512 576 690 778 818 I
I 30 I 059 113 178 215 240 277 303 318 I
I 4 50 I 029 057 096 121 138 161 173 182 I
I 70 I 021 040 066 084 097 115 1.23 129 I
1 90 I 019 034 056 071 082 099 106 il1 I

I 10 1 137 234 318 366 406 478 527 594 I
I 30 I 027 058 097 120 137 159 174 195 I
I 6 50 1 014 029 047 060 070 084 090 102 1
I 70 I 011 022 034 043 049 060 064 072

I 90 I 010 020 031 038 043 053 057 064 I

I 10 1 087 162 235 274 301 349 393 485 1
I 30 1 014 032 056 072 083 098 108 133 1
1 8 50 1 007 016 027 035 040 049 055 068 1
I 70 1 006 013 021 026 030 036 041 050 1
I 90 I 006 013 019 024 027 033 037 046 I

I 10 1 057 114 180 208 230 262 292 399 1
I 30 I 008 019 036 045 053 064 071 096 I
I 10 50 1 004 010 018 022 026 031 036 048 1
I 70 I 004 009 015 018 020 024 027 037 I
I 90 I 004 008 014 016 019 022 025 034 I

----
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ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROMI SUN)
VER*1ICAl- 1-INDSP ANGLE = 0

* I ROOM DEPTH /II
I WINDOW HEIGHT I WINDOW W[ITH /WINDOW HEIGHT W H I

I D /H %D 1 5 1 2 3 4 6 8 INF I

1 10 1 325 436 580 701 823 1017 1221 1.225 1
1 30 1 109 196 274 326 379 443 525 526 1

1 1 50 1 063 129 202 242 282 322 377 378 1
I 70 1 046 095 162 199 235 266 310 311 1
1 90 1 038 077 136 172 202 233 271 272 1

1 10 1 151 238 333 402 459 560 668 675 1
I 30 1 038 086 154 190 213 249 291 294 1
1 2 50 1 020 047 094 123 141 167 194 196 1
I 70 1 015 033 064 088 103 125 145 147 1
1 90 1 013 027 051 069 (083 102 120 121 1

1 10 1 082 161 238 293 332 403 451 463 1
I 30 1 018 046 09.3 124 142 170 178 183 1
1 3 50 1 009 023 048 068 082 100 109 112 1
1 70 1 008 017 032 045 054 069 075 076 1
1 90 1 007 014 026 036 043 055 060 062 1

1 10 1 048 115 184 228 265 320 359 377 1
1 3') 1 009 027 058 082 099 122 135 142 1
I 4 50 1 005 013 028 040 051 065 072 076 1
1 70 1 004 010 019 027 033 043 048 051 1
I 90 1 004 009 017 022 028 035 040 042 1

1 10 1 020 061 119 152 178 219 243 273 1
1 30 1 003 011 027 039 050 065 075 084 1
I 6 50 1 002 006 013 018 023 031 035 040 1
I 70 1 002 005 010 013 016 021 024 027 1
1 90 1 002 005 009 012 014 019 021 023 1

1 10 1 010 033 079 106 125 155 180 221 1
1 30 1 001 005 014 021 027 037 044 054 1
1 8 50 1 001 003 007 010 012 017 021 025 1

.70 I 001 003 006 008 010 012 015 019 1
1 90 1 001 003 006 008 (0(9 011 (114 017 1

1 10 1 005 019 (153 075 090 112 130 177 1
1 30 1 001 003 008 012 016 022 027 037 1
1 10 50 1 000 (102 004 006 008 010 013 017 1
1 70 1 000 002 004 005 006 008 010 013 1
1 90 1000 002004 005006 008 009 012 1



T -38

ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL PLINDSP ANGL.E = 15

I ROOM DEPTH! I
I WINDOW HEIGHT I WINDOW WIDTH /WINDOW HEIGHT UW H I

1 D / H % DI 1.5 1 2 3 4 A 8 INF I

I 10 1 374 477 621 745 873 1075 1294 1298 1
1 30 I 158 238 311 360 413 478 564 565 I
I 1 50 I 099 172 239 275 313 352 409 410 I
I 70 I 075 135 199 232 263 294 338 339 1
I 90 1 064 113 173 205 23? 259 297 298 I

1 10 1 196 273 362 429 485 587 698 706 I
1 30 1 066 122 183 215 236 269 311 315 1
I 2 50 I 037 072 121 147 163 185 211 214 I
I 70 1 027 050 087 110 123 141 161 162 1
1 90 1 023 041 070 090 102 118 134 136 1

I 10 1 125 19!, 264 315 354 424 471 483 1
I30 1 036 071 118 145 161 186 193 198 1

1 3 50 1 019 037 066 086 097 114 121 124 I
I 70 I 014 026 045 059 068 080 085 087 I
I 90 1 012 022 037 048 055 067 070 072 I

1 10 1 085 149 209 249 284 337 3 76 394 1
1 30 I 02t 044 079 100 116 135 147 154 1

1 4 50 1 011 022 040 053 063 075 081 085 1
I 70 1 00Q8 016 027 035 04.3 052 056 058 1
I 90 1 007 014 023 030 036 044 (347 049 1

1 10 I 046 095 144 173 195 234 256 288 1
130 1 009 021 039 052 062 075 083 093 I

1 6 50 I 005 011 019 025 030 037 (041 046 I
1 70 1 004 009 014 018 021 026 028 0352 1
1 90 I 004 008 013 016 018 023 025 028 I

1 10 I 027 060 102 125 141 168 191 235 1
1 30 1 004 011 021 029 036 044 050 062 1

a 50 I 002 006 011 014 (317 021 025 030 I
1 70 1 002 005 008 011 012 015 018 022 I
I 90 1 002 005k 008 010 011 014 016 020 I

1 10 1 017 039 075 092 305 124 141 191 I
1 30 I 002 006 013 018 022 028 032 044 1
1 10 50 1 001 004 007 009 010 013 015 021 1
1 70 1 001 003 006 007 008 010 012 016 1

1 90 1 001 003 006 007 008 009 011 015 1

P-4
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ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VER71CAL BLINDS, ANGLE = 30 -4

I ROOM DEPTH / I
I WINDOW HEIGH'I I WIND'OW WIDTH / WINDOW HEIGHT W / H I

I D / H % DI 5 1 2 3 4 6 8 INF I

I 10 I 427 524 667 794 927 1137 1372 1376 I
1 30 1 209 284 350 396 449 514 604 606 I
I 1 50 1 146 219 279 310 347 384 442 444 I
1 70 I 112 181 239 267 295 323 368 369 I
I 90 1 095 157 212 239 263 287 324 325 I

1 10 I 243 310 392 458 514 616 730 738 1
I 30 I 101 159 214 243 261 291 333 336 1
I 2 50 I 057 102 149 1.72 185 204 229 232 I
1 70 1 040 072 112 133 144 159 176 178 1
I 90 I 033 059 093 112 122 135 149 151 I

.t I 10 I 171 231 292 340 376 445 491 503 I

I 30 I 058 101 144 168 181 203 208 21:3 I
1 3 50 I 029 055 086 104 114 127 133 136 I
I 70 I 021 037 060 074 082 093 095 097 I
I 90 I 018 031 049 062 069 079 080 082 I

.J.I 10 1 128 184 236 272 304 356 393 413 1
I 30 1 035 066 101 119 132 149 159 167 I
I 4 50 1 017 033 054 066 075 086 090 095 1
I 70 I 013 023 037 046 053 061 063 067 I

I 90 1 011 020 031 039 045 052 055 057 I

I 10 I 079 129 170 194 214 250 270 304 I
I 30 I 016 033 054 066 074 085 091 103 I
I 6 50 1 008 016 026 033 037 044 047 053 1
1 70 1 006 012 019 023 026 031 03:3 037 1
I 90 1 006 011 017 020 023 028 030 033 I

I 10 I 050 091 126 145 158 182 203 250 I
I 30 I 008 018 031 039 045 052 057 070 I
I 8 50 I 004 009 015 019 022 026 029 035 I
I 70 I 004 007 011 014 016 019 021 026 I
I 90 I 003 007 010 013 014 017 019 024 I

I 10 1 033 065 098 110 121 136 151 205 1
I 30 1 004 011 020 025 029 034 037 050 I
I 1( 50 1 003 006 010 012 014 017 019 025 1

" I 70 1 002 005 008 009 011 012 014 019 1
I 90 1 002 005 008 009 010 012 013 018 1

- . - ----- -
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ILLUMINANCE FROM UNDERSIDE OF BL.IND'S (HILIDEN FROM SUN) I
VERTICAL BLINDS, ANGLE = 45

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW wIprH / WINDOW HEIGHT W / H I
I I I "

I P / H Z 1. 1 .5 1 2 3 4 6 8 INF" I

I 10 I 489 578 720 848 986 1204 1453 1458 I
I 30 1 268 337 395 438 490 555 649 651 I
I 1 50 1 189 272 325 351 385 419 479 480 1
I 70 1 147 230 286 307 332 356 400 402 1
I 90 I 124 200 259 279 299 319 354 355 I

1 10 1 299 353 428 491 546 648 765 773 1

I 30 I 134 202 251 274 289 316 357 360 I.
I 2 50 I 076 130 182 202 211 227 249 252 I
I 70 I 052 093 139 159 168 179 195 197 1
I 90 1 043 076 116 137 145 155 166 168 1

I 10 I 223 273 324 368 402 469 514 527 1
I 30 I 078 130 175 194 204 222 225 231 I
I 3 50 I 039 071 107 126 133 144 147 151 I
I 70 1 027 048 075 091 098 107 107 110 1
I 90 I 023 040 062 076 084 092 092 094 I

I 10 I 171 226 267 298 328 377 412 433 I
I 30 1 048 086 126 142 152 165 173 182 1
I 450 1 023 043 068 082 090 098 101 106 1
1 70 I 017 029 (46 056 063 071 072 076 I "-
1 90 1 015 025 038 047 054 062 064 067 1

I 10 I 108 169 201 219 235 268 286 322 I
" 30 I 022 044 069 081 088 097 101 114 1
1 6 50 1 Olt 021 033 041 046 052 054 061 1
I 70 I 009 016 023 028 032 037 039 043 I
I 90 1 008 015 021 025 028 033 035 039 1

I 10 I 070 122 155 169 178 198 217 268 I
I 30 I 011 024 040 049 055 061 064 079 I

. I 8 50 I 006 012 019 024 027 031 034 041 I
I 70 I 005 010 014 017 019 022 025 030 I
I 90 I 005 009 013 016 017 020 023 028 1

I 10 I 046 088 125 132 139 151 163 222 I
I 30 I 006 015 026 032 036 041 043 058 I
I 10 50 1 004 008 013 015 017 020 022 030 1
I 70 I 003 007 010 012 013 015 016 022 I
1 90 I 00:5 006 010 011 012 014 015 021 I

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

..... ... L4
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ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDSP ANGLE = 60

I ROOM DEPTH /I
I WINDOW HEIGHT I WdINDOW WIDTH /WINDOW4 HEIGHT W H I

I D/H Z D1 .5 1 2 3 4 6 8 INF I

1 10 1 576 649 787 916 1058 1281 1541 1546 1
130 1 323 409 456 494 544 606 701 703 1

1 1 50 1 225 329 387 407 437 466 524 526 1
I 70 1 174 274 346 363 383 401 442 444 1

190 1 148 237 313 335 349 362 394 395 1

110 1 371 414 476 536 588 689 807 816 1
1 30 1 159 242 301 318 328 351 389 393 1
1 2 50 1 091 155 218 241 247 258 277 280 1
1 70 1 063 110 165 190 200) 208 220 222 1
1 90 1 052 090 137 161 173 182 191 193 1

1 10 1 272 334 369 407 438 502 544 958B I
1 30 1 093 155 211 231 237 250 249 256 1
I 3 50 1 048 084 127 149 158 166 167 17t I
1 70 1 033 057 088 106 116 125 124 128 1

190 1 029 047 072 089 098 109 109 111 1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 10 1 206 279 312 336 362 406 440 462 1
1 30 1 057 103 150 170 180 188 193 203 1
I 4 50) 1 028 051 080 096 106 115 116 122 1
1 70 1 021 035 054 066 074 083 085 089 1
1 90 1 018 030 045 055 063 072 074 078 1

1 10 1 129 206 244 255 267 294 309 348 1
1 30 1 026 053 082 097 105 114 116 130 1
I 6 5031 013 026 039 048 054 061 063 071 1

I 70 1 010 019 027 033 037 043 045 050 1
1 90 1 010 018 024 029 0)32 038 040 045 1

1 10 1 083 147 191 202 207 221 238 293 1
1. 30 1 013 029 048 059 065 072 075 093 1

a 50 1 007 015 023 028 031 036 039 048 1
I70 1 006 012 017 020 022 026 028 035 1
I90 1 006 011 016 018 020 02.3 026 032 1

1 10 1 055 105 154 161 166 172 182 248 1
1 30 1 008 018 032 038 042 048 051 069 1
1 10 50 1 004 009 016 018 020 023 026 035 1
1 70 1 004 008 013 014 015 017 019 025 1
1 90 1 003 008 012 013 014 016 017 023 1
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ILLUMINANCE FROM UNDERSIDE OF BLINDS (HIDDEN FROM SUN)
VERTICAL BLINDSP ANGLE = 75---------------------------------------------- .

I ROOM DEPTH
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I

I D / H % D I .5 1 2 3 4 6 8 INF I

I 10 I 731 782 902 1031 1176 1406 1672 1678 I .4
I 30 1 371 494 569 599 645 703 795 797 1 '

I 1 50 I 254 382 476 510 537 560 61t 613 I
I 70 I 195 313 412 450 477 492 526 527 II 90 I 165 269 367 406 432 451 475 476 I

I 10 I 439 525 573 622 670 767 883 893 I
I 30 I 179 279 363 395 407 422 454 459 I

I 2 50 1 102 175 253 287 302 318 335 338 1
I 70 I 071 124 189 222 237 254 269 272 I
I 90 I 059 102 156 187 202 219 232 235 1

I 10 1 309 409 465 490 514 570 606 622 1
I 30 I 102 176 247 279 293 308 302 310 I
I 3 50 I 053 096 146 174 187 202 206 211 I
1 70 1 037 065 101 122 135 149 151 155 1
I 90 I 032 054 083 101 113 127 129 133 1I

I 10 I 228 331 396 418 435 470 497 523 I
I 30 I 062 116 174 201 217 232 237 248 I
I 4 50 I 031 058 092 111 124 137 141 148 I
I 70 I 023 040 062 076 085 096 100 105 I
I 90 I 020 035 052 063 072 083 087 091 I

I 10 I 139 233 299 324 336 353 361 407 I
I 30 1 027 059 094 113 124 137 142 160 1
I 6 50 I 014 029 045 055 062 071 075 084 1
I 70 I 011 022 032 038 043 049 052 058 I
I 90 I 011 020 029 034 037 044 046 052 I

I 10 I 087 162 226 251 264 276 286 353 I
I 30 1 014 032 055 068 076 086 091 112 I

I 8 50 1 007 016 026 032 036 042 046 056 1
I 70 I 006 013 020 024 026 030 033 040 I
I 90 I 006 013 018 022 023 027 030 036 I

I 10 I 058 114 176 195 207 220 225 307 I
I 30 I 008 019 035 043 049 057 061 082 I
I 10 50 I 004 010 018 021 024 027 030 040 I
I 70 I 004 009 014 016 018 020 022 030 I
I 90 I 004 006 014 015 017 018 020 027 I

- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - --- - - - -
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
HORIZONTAL BLENDSP ANGLE = 0

------------------------------------------------
I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I II

I /H x U I .5 1 2 3 4 6 8 XNF I

I 10 I 059 092 118 124 142 112 128 129 I
I 30 I 062 099 127 135 155 128 146 147 I
I 1 50 I 057 095 126 137 156 137 157 158 I
I 70 I 052 086 117 129 147 139 160 160 I
I 90 1 046 075 102 114 130 135 155 155 I

I 10 I 041 068 104 117 117 107 123 124 I
2 30 I 036 065 101 117 122 120 138 140 I

1 2 50 1 027 050 080 094 101. 106 122 123 1

I 70 I 021 037 059 071 076 082 094 095 I
I 90 I 019 030 046 054 058 064 073 073 I

I 10 I 032 056 086 107 110 109 078 080 I
" I 30 I 022 044 072 090 097 106 090 092 I

1 3 50 1 014 027 044 055 061. 068 069 0711
I 70 I 011 019 029 036 039 042 042 043 I
I 90 1 010 016 023 028 030 031 029 030 1

I 10 I 024 046 074 093 106 111 095 100 I
I 30 I 014 029 050 064 074 084 087 091 I
1 4 50 1 008 015 025 032 037 042 044 046 1
1 70 I 007 011 016 020 022 025 025 026 I
I 90 I 006 010 014 016 018 020 019 020 I

I 10 I 016 035 055 069 080 096 085 095 I
1 30 1 006 014 024 031 037 045 049 055 1
1 6 50 1 003 007 010 012 014 017 018 020 1
1 70 1 003 005 007 008 009 0i1 010 012 I
I 90 I 003 005 007 007 008 010 009 010 I

10 1 009 022 039 050 058 069 078 096 1
30 1 002 006 012 016 019 023 026 032 1

I 8 50 1 001 003 005 006 007 008 009 011 I

I 70 I 001 003 004 004 005 005 006 007 I
90 I 001 003 004 004 005 005 006 007 I

I 10 I 005 014 029 035 041 048 055 074 I
I 30 I 001 003 006 008 010 012 014 019 I
I 10 50 1 001 002 003 003 003 004 004 006 1
I 70 I 001 002 002 003 003 003 003 005 I
I 90 1 001 002 002 003 003 003 003 005 1

-- - --
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* ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SLIN)
HORIZONTAL BLINDS, ANGLE = 15

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

- I I t

I D / H X D I o5 1 2 3 4 6 8 INF I

I 10 I 055 087 110 115 135 099 120 120 I
I 30 I 054 086 109 114 132 098 115 115 I
I 1 50 I 048 080 105 111 128 101 117 118 I

,- I 70 I 043 071 095 103 118 099 115 116 1I
1 90 1 039 062 083 090 104 094 108 109 1

I 10 I 033 058 089 101 099 086 101 102 I

I 30 I 028 052 082 094 096 090 104 106 I
I 2 50 I 021 038 061 071 075 076 088 089 I
I 70 I 016 028 043 051 053 056 064 065 I
i 90 I 014 022 033 039 040 041 047 048 I

I 10 I 024 044 070 088 089 084 051 052 I
1 30 1 016 032 054 068 073 077 056 057 I
I 3 50 1 010 019 030 038 042 046 042 043 I
I 70 1 008 013 019 024 025 027 024 024 1
I 90 I 008 011 016 019 019 020 016 016 I

I 10 1 017 035 058 073 084 084 065 068 I
I 30 I 010 020 035 045 052 059 057 060 1
. 4 50 1 006 010 016 020 024 026 026 027 I
I 70 I 005 008 010 012 014 015 014 014 I
I 90 I 004 007 009 011 012 012 (11 011 I

1 10 I 009 021 037 047 055 067 053 059 1
I 30 I 003 008 014 019 022 027 028 032 I
- 6 50 1 002 004 005 006 007 009 009 010 1
I 70 002 003 004 005 005 006 005 006 1
I 90 1 002 003 004 004 005 006 005 006 1

I 10 I 004 Ol 021 029 033 041 046 057 I
I 30 I 001 003 006 008 009 011 013 016 1
I 8 50 I 001 001 002 003 003 004 004 005 I
I 70 I 001 001 002 002 002 003 003 004 I
I 90 I 001 001 002 002 002 003 003 004 I

I 10 I 002 006 013 016 018 022 025 034 I
I 30 I 000 001 002 003 004 005 005 007 I
I 10 50 I 000 001 001 001 001 001 002 002 I
I 70 I 000 001 001 001 001 001 001 002 I

! 90 I 000 001 001 001 001 001 001 002 I

- - - -! , -- --,- - - - - - - ---- - - -
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
HORIZONrAl. BI.1NDS, ANGLE = 30

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I "

I D / H % DI .5 1 2 3 4 6 8 INF I

I 10 I 045 072 089 090 108 066 082 083 1
I 30 1 041 067 083 083 097 059 071 071 1
I 1 50 I 037 061 077 079 091 060 070 070 I
I 70 I 032 053 069 071 082 058 068 068 I

1 90 I 029 046 060 062 072 054 063 063 I

I 10 1 024 043 067 074 071 052 062 063 1 -.

I 30 I 020 036 058 066 065 052 061 062 1
1 2 50 I 014 025 041 047 048 043 050 051 I
1 70 1 011 018 029 033 033 03 036 036 1
I 90 I 010 015 022 025 025 022 026 026 I

1 10 1 015 030 049 062 060 049 018 018 I
1 30 1 011 021 035 044 046 044 019 019 1
I 3 50 1 007 011 002 024 025 025 014 014 I
I 70 I 005 008 012 015 015 014 008 008 I
1 90 1 005 007 010 012 012 010 005 005 I

I 10 010 021 037 047 055 049 027 029 I
I 30 I 006 012 021 027 032 033 023 024 I
I 4 50 1 003 006 009 011 013 013 010 011 1
I 70 I 003 004 006 007 008 008 005 006 I
I 90 I 003 004 006 007 007 007 004 004 I

I 10 I 003 009 017 022 026 032 018 020 1
I 30 I 001 003 006 001 010 012 009 011 I
I 6 50 I 001 001 002 003 003 004 003 003 I
1 70 1 001 001 002 002 002 003 002 002 1
1" 90 1 001 001 002 002 002 003 002 002 1

1. 10 1 001 003 006 008 010 012 014 017 1

I 30 I 000 001 002 002 003 003 004 005 I
a 50 1 000 000 001 001 001 001 001 001 1

,I70 1 000 000 000 001 001 001 001 001 1

I 90 1 000 000 000 001 001 001 001 001 I

----------------- *. * - - -------- - - - - --- -- - - - - - - - - -- -

.,I10 1 000 001 002 003 003 004 005 006 1
-I30 1 000 000 000 001 001 001 001 001 1

1i 10 50 1 000 000 000 000 000 000 000 000 1
-- 1 70 1 000 000 000 000 000 000 000 000 1

I 90 I 000 000 000 000 000 000 000 000 1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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ILLUMINANCE FROMI TOPSIDE OF KLINDS (EXPOSED TO SUN)
HORIZONTAL BLINBS, ANGLE = 45I

I ROOMI DEPTH /I
I WINDOW HEIGHT I WINDOW WIDTH /WINDOW HEIGHT W H I

1 D / H %D 1 .5 1 2 3 4 6 8 TNF I

110 1 031 051 060 057 069 021 026 026 1
1 30 1 027 045 052 050 058 017 021 021 1
1 1 50 1 024 040 048 046 054 017 020 020 1
1 70 1 021 034 042 041 048 016 019 019 1

190 1 019 030 036 035 042 015 018 018 1

1 10 1 014 025 04t 044 037 015 018 0181
130 1 011 021 034 038 033 015 017 017 1

1 2 50 1 008 014 023 026 024 012 014 014 1
1 70 1 006 010 016 018 016 008 010 010 1

190 1 006 009 013 014 012 006 007 007 1

I10 1 008 015 026 034 028 014 001 001 1
1 30 1 005 010 018 023 021 012 001 001 1
I 3 50 1 003 006 009 012 Olt 007 001 001 1
1 70 1003 004006 008 007 004 001 001 1
1 90 1 002 004 005 006 005 003 000 000 1

1 10 1 004 008 015 020 023 014 003 003 1
1 30 1 002 004 008 O11 013 0(09 (003 0013 1
1 4 50 1 001 002 003 005 005 004 001 001 1
1 70 1 001 002 002 003 003 002 001 001 1
1 90 1 001 002 002 003 003 002 001 001 1

1 10 1 000 00t 003 004 004 005 001 001 1
1 30 1 000 001 001 001 002 002 001 001 1
1 6 50 1 000 000 000 000 001 001 000 000 1
1 70 1 000 000 000 000 000 000 000 000 1
1 90 1 000 000 000 000 000 000 000 000 1

--- 10---000--000--000--000--000-- 000-- 00--- 001---
1 30 1 000 000 000 000 000 000 000 000 1
1 830 1 000 000 000 000 000 000 000 000 1
I 7 0 1 000 000 (300 000 000 (000 000 000 1
1 90 1 000 000 000 000 000 000 000 000 1

I 10 I 000 000 000 000 000 000 000 000 1
----- 30----000--000--000-- 000-- 000-- 000--000- 000---
I 0 0 1 000 000 000 000 000 000 000 000 1

3 0 1 000 000 000 000 000 000 000 000 1
1 90 0 1 000 000 000 000 000 000 000 000 1
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

HORIZONTAL BLINDSP ANGLE = 60

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

*I I I . '

I D / H X D I .5 t 2 3 4 6 8 INF I

I 10 I 015 026 028 019 023 000 000 000 I
I 30 I 013 022 023 016 019 000 000 000 I
I 1 50 I 012 020 021 015 017 000 000 000 I
I 70 I 010 017 018 013 015 000 000 000 I
I 90 I 009 015 016 011 013 000 000 000 I -

I 10 I 005 010 017 014 006 000 000 000 I
1 30 I 004 008 013 012 005 000 000 000 I
I 2 50 I 003 005 009 008 004 000 000 000 I
1 70 I 002 004 006 006 002 000 000 000 1
1 90 1 002 003 005 004 002 000 000 000 1
... 10 ....001. 00... 00..007..003..000.000 ..000 ..
I 10 I 001 003 005 007 003 000 000 000 I
I 30 I 001 002 004 005 002 000 000 000 I
I 0 I 000 001 002 002 001 000 000 000 1
1 90 1 000 001 001 002 000 000 000 000 1
I 90 1 000 OOt 001 001 000 000 000 000 I
I 30- - 000 000 001 001 001000 000 ( 000 I

1 40 I 000 000 001 001 000 000 000 000 I

I 70 I 000 000 000 000 001 000 000 (00 I
S 4750 I 000 000 000 000 000 000 000 000 I
I 10 I 000 000 000 000 000 000 000 000 I

I 30 I 000 000 000 000 000 000 000 000 I
I 70 I 000 000 000 000 000 000 000 000 50 00000000000000000 0000090 00II
I 10 I 000 000 000 000 000 000 000 000 1
I 30 I 000 000 000 000 000 000 000 000 I

7 0 50 I 000 000 000 000 000 000 000 000 I

1 70 I 000 000 000 000 000 000 000 000 1
1 90 I 000 000 000 000 000 000 000 000 I
30 I 000 000 000 000 000 000 000 000 I

I 30 1 000 000 000 000 000 000 000 000 7
10 50 I 000 000 000 000 000 000 000 000 I

1 70 I 000 000 000 000 000 000 000 000 I1 90 1 000 000 000 000 000 000 000 000 1

-- -- - - - - -- - - - - -- - -- - -- - - -- - -- --- -- --- -- - -

1 10 50 1 000 000 000 000 000 000 000 000 1
I 70 1 000 000 000 000 000 000 000 000 1
I 90 1 000 000 000 000 000 000 000 000 1 "

- - - - - - - - - - - - - - -- - - - --- - - - - --- - -- - - - - -
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)

HiORIZONTAL BLINUSP ANGLE = 75

I ROOM DEPTH /I
I WINDOW HEIGHT I WINDOW WIDTH /WINDOW HEIGHT W /H I

I D / H % 0 1 .5 1 2 3 4 6 8 INF I
- - -- -------------------------------

1 10 1 003 005 002 000 000 000 000 000 1
1 30 1 003 005 001 000 000 000 000 000 1
1 1 50 1 002 004 001 000 000 000 000 000 1
I 70 1 002 003 001 000 000 000 000 000 1
1 90 1 002 003 001 000 000 000 000 000 1

1I0 000 000 000 000 000 000 000 000 1
130 1 000 000 000 000 000 000 000 000 1
1 2 50 1 000 000 000 000) 000 000 000 000 1

1 70 1 000 000 000 000 000 000 000 000 1
1 90 1 000 000 000 000 000 000 000 000 1

1 10 1 000 000 000 000 000 000 000 000 1
1 30 1 000 000 000 000 000 000 000 000 1
I 3 50 1 000 000 000 000 000 000 000 000 1
I 70 1 000 000 000 000 000 000 000 000 1
1 90 1 000 000 000 000) 000 000 000 000 1

110 1 000 000 000 000 000) 000 000 000 1
1 30 1 000 000 000 000 000 000 000 000 1
1 4 50 1 000 000 000 000 000 000 000 000 1
1 70 1 000 000 000 000 000 000 000 000 1
I 90 1 000 000 000 000 000 000 000 000 1

1 10 1 000 000 000 000 000 000 000 000 1
1 30 1 000 000 000 000 000 000 000 000 1
1 6 50 1 000 000 000 000 000 000 000 000 1
1 70 1 000 000 000 000 000 000 000 000 1
I 90 I 000 000 000 000 000 000 000 000 1

1 10 1 000 000 000 000 000 000 000 000 1
1 30 1 000 000 000 000 000 000 000 000 1

a 50 1 000 000 000 000 000 000 000 000 1
I 70 1 000 000 000 000 000 000 000 000 1
1 90 I 000 000 000 000 000 000 000 000 1

1 10 1 000 000 000 000 000 000 000 000 1
1 30 1 000 000 000 000 000 000 000 000 1
1 10 50 1 000 000 000 000 000 000 000 000 1
I 70 1 000 000 000 000 000 000 000 000 1
1 90 1 000 000 000 000 000 000 000 000 1

- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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*' ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
VERTICAL BL.INDS, ANL.E = 0

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WIHDOW HEIGHT W / H I

. I I I

I D / H % DI .5 1 2 3 4 6 8 INF I
----------------------------------------------------------------------
I 10 I 325 436 580 701 823 1017 1221 1225 I
I 30 I 109 196 274 326 379 443 525 526 1
I 50 I 063 129 202 242 282 322 377 378 I
I 70 I 046 095 162 199 233 266 310 311 I
I 90 I 038 077 136 172 202 233 271 272 I

4 10 1 151 238 333 402 459 560 668 675 1
I 30 1 038 086 154 190 213 249 291 294 1
I 2 50 1 020 047 094 123 141 167 194 196 1
1 70 1 015 033 064 088 103 125 145 147 1
I 90 1 013 027 051 069 083 102 120 121 1

I 10 I 082 161 238 292 332 403 451 463 I
I 30 1 018 046 093 124 142 170 178 183 1
I 3 50 I 009 023 048 068 081 100 109 112 I
I 70 1 008 017 032 045 054 069 075 076 1
I 90 1 007 014 026 036 043 055 060 062 I

$ 10 I 048 115 184 228 265 320 359 377 I
30 1 009 027 058 082 099 122 135 242 1

I 4 50 I 005 013 028 040 051 065 072 076 I
I 70 I 004 010 019 027 033 043 048 051 I
I 90 1 004 009 017 022 028 035 040 042 1

I 10 I 020 061 119 152 178 219 243 273 I

I 30 I 003 Ol 027 039 050 065 075 084 I
I 6 50 I 002 006 013 018 023 031 035 040 I
I 70 I 002 005 010 013 016 021 024 027 I
I 90 I 002 005 009 012 014 019 021 023 I

I 10 1 010 033 079 106 125 155 180 221 1
I 30 I 001 005 014 021 027 037 044 054 I
I 8 50 I 001 003 007 010 012 017 021 025 I
I 70 1 001 003 006 008 010 012 015 018 1
1 90 I 001 003 006 007 009 011 014 017 II
I 10 I 005 019 053 075 090 112 130 177 I
I 30 I 001 003 008 012 016 022 027 037 I
I 10 50 I 000 002 004 006 008 010 013 017 I
I 70 1 000 002 004 005 006 008 010 013 1
I 90 I 000 002 004 005 006 008 009 012 I

- - -- - - - -- -- - - .4- --- - -- - - - -- - - - - - - - -- - -- - -- - -- -

.4 . - . . . . . . . * . . .* * .



7 .-. 77%,. 7*.-.7* * .-.777-- V

T -50

ILLUMINANCE FROM TOPSIDE OF BLENDS (EXPOSED TO SUN)
VERTICAL BLINDS, ANGLE = 15

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I
I I I "

I D / H % D I .5 1 2 3 4 6 8 INF I
-----------------------------------------------------------------------
I 10 I 282 409 566 697 828 1034 1255 1259 I
I 30 I 069 158 248 Z06 366 437 526 527 I
1 1 50 I 038 091 171 218 263 309 370 371 I
I 70 I 028 065 129 272 211 250 299 300 1
I 90 I 025 052 101 144 179 216 258 259 I

I 10 I 103 205 311 385 446 553 667 674 1
I 30 I 020 055 125 166 J93 233 279 282 I
I 2 50 I 012 030 068 100 121 150 181 182 I
1 70 1 010 021 046 067 084 1(08 132 133 1

I 90 I 009 018 036 051 064 086 106 108 I

I 10 I 042 125 213 272 315 391 442 453 I
I 30 1 008 026 066 101 122 154 165 169 1
1 3 50 1 005 014 03:5 051 065 086 097 100 1
1 70 I 004 021 023 033 041 057 064 066 I
1 90 I 004 010 019 027 032 044 050 051 I

I 10 1 019 078 157 206 246 305 347 364 1
I 30 1 003 015 039 062 082 107 122 128 1
I 4 50 I 002 008 019 029 038 054 063 066 I
I 70 1 002 007 014 020 025 035 040 042 1
I 90 I 002 006 012 017 021 028 032 033 I
---------------------------------------------------------------
I 10 I 004 031 092 130 158 203 229 258 IH
I 30 I 001 005 016 027 037 054 065 073 I
I 6 50 I 001 003 008 012 016 024 029 032 I
I 70 I 002 003 007 010 012 017 019 022 I
I 90 I 001 003 007 009 011 015 016 019 1

I 10 I 001 013 053 084 106 139 166 20'e I
I 30 I 000 002 008 013 018 029 037 045 I
I a 50 1 000 001 004 007 009 013 016 020 1
I 70 I 000 001 004 006 007 010 012 015 I
I 90 I 000 001 004 006 007 009 011 014 I

I 10 1 000 005 128 055 073 098 118 161 I
I 30 I 000 001 004 007 010 016 021 029 I
I 10 50 I 000 001 002 004 005 008 010 013 I
I 70 1 000 001 002 004 005 006 008 011 1
I 90 I 000 001 002 004 005 006 007 010 I

-T - ----?- -- -- -- -- - -- ---.. .-...--- - - " - -- ..-.-. " " .-
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUIN)
VERTICAL SLINDS, ANGLE = 30

I ROOM DEPTH / I I
I WINDOWr HEIGHT i WJINDOW WIDTH / WINDOW HEIGHT W / H I

I D /H Z D 1.5 1 2 3 4 6 8 INF I

1 10 1 223 369 536 672 810 1026 1259 1263 1
1 30 1 036 108 208 271 3.34 411 506 507 1
1 1 50 1 023 055 127 178 227 278 343 344 1
1 70 1 019 041 085 131 173 216 269 269 1
I 90 1 017 035 064 101 14(0 181 226 227 1

1 10 1 050 161 278 356 420 531 649 656 1
1 30 1 011 030 086 132 161 205 253 255 1

1 2 50 1007 018 043069 091123 155156 1
170 1 006 014 030 045 058 083 108 109 1

1 90 1 005 012 025 034 043 062 083 084 1

1 10 1 013 079 178 242 288 367 422 432 1
1 30 1 003 014 039 071 094 128 142 146 1
1 3 50 1 002 008 020 033 044 066 078 080 1
1 70 1 002 007 015 023 028 040 048 049 1
I 90 1 002 006 013 019 023 030 035 036 1
--------------------------------------------------------------------
1 10 1 003 038 122 176 218 280 325 3411
1 30 1 001 (308 022 039 058 085 102 107 1
I 4 50 t 001 004 012 018 025 038 048 050 1
1 70 1 001 004 009 014 018 024 029 030 1
1 90 1 001 004 008 012 016 020 022 024 1

1 10 1 000 009 058 100 131 179 208 234 1
I 30 1 000 002 009 016 023 039 050 056 1
1 6 50 1 000 001 005 008 011 016 020 023 1
1 70 1 000 001 004 007 009 012 (114 (316 1
1 90 1 000 001 004 006 008 011 012 014 1

10 1 000 002 026 057 081 117 146 180 1
I30 1 000 (100 (104 007 011 018 026 032 1
a 50 1 000 000 003 004 006 009 011 014 1

I70 1 000 000 002 004 005 007 009 011 1

I90 1 000 000 002 004 005 007 009 011 1
--- 10----000--001--009- -031- -05---079-- 100-- 1--6--

1 0 1 0 000 001 00 4 031(16t 01(9 0 196 1
30 I 01 000 000 001 002 006 010 007 0091

1 70 0 1 000 000 (001 002 003 005 007 (009 1
I 90 1 000 000 001 002 0034 005 006 008 1

1 90 1., 00 000 00 0 0 0 0 0

- - - - - - - - - - - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - b . % t v *
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
VERTICAL BLINDS, ANGLE = 45

I ROOM DEPTH / I
I WINDOW HEIGHT I WINDOW WIDTH / WINDOW HEIGHT W / H I

,II I -.

I D / H Z DI .5 1 2 3 4 6 8 INF I

I 10 I 139 310 488 626 764 984 1220 1224 I
I 30 I 019 052 153 220 283 364 459 461 I
I 1 50 013 030 071 124 172 228 293 294 I
I 70 I 011 025 045 076 118 164 217 217 I
I 90 I 010 022 036 054 085 128 174 174 I

10 I 011 100 231 313 379 494 612 618 I
I 30 I 004 015 043 085 117 164 212 214 I
I 2 50 I 003 010 024 037 053 085 117 118 I
1 70 I 002 008 019 026 033 051 074 075 I

90 1 002 007 016 022 025 035 053 053 I

I 10 I 001 029 131 199 248 330 389 399 I
I 30 I 001 007 019 036 056 093 110 112 I
I 3 50 1 000 004 012 019 024 039 052 053 1
I 70 I 000 003 009 014 017 024 028 029 I
1 90 I 000 003 008 012 015 019 020 020 I

I 10 1 000 008 074 133 178 244 292 306 1
I 30 I 000 003 011 019 030 055 073 077 I
1 4 50 I 000 002 006 011 015 022 029 030 I
I 70 I 000 001 005 009 012 015 017 018 I
I 90 I 000 001 005 008 010 013 014 015 I

I 10 I 000 001 021 060 094 145 177 199 I
I 30 I 000 000 004 008 012 021 031 035 I
I 6 50 1 000 000 002 005 006 010 012 013 1

70 I 000 000 002 004 005 008 009 010 1
90 1 000 000 002 004 005 006 008 009 1

I 10 I 000 000 005 024 048 087 117 144 I
I 30 1 000 000 001 004 006 009 014 018 1
I 8 50 I 000 000 001 002 003 005 007 009 I
I 70 I 000 000 001 002 003 005 006 008 I
I 90 I 000 000 001 002 003 004 006 007 I

I 10 I 000 000 001 009 024 052 075 102 I
I 30 I 000 000 000 002 003 005 007 010 I
I 10 50 1 000 000 000 001 002 003 004 006 1
I 70 I 000 000 000 001 002 003 004 005 I
I 90 I 000 000 000 001 002 003 004 005 I

------
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ILLUMINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
VERTICAL BLINOS, ANGLE = 60

I ROOM DEPTH II
I WINDOW HEIGHT I WINDOW WIDTH / WINnOW HEIGHT i / H I

I D /H % D I .5 1 2 3 4 6 8 INF I

.4 I 10 I 032 212 412 553 687 904 1133 1136 I
I30 1 007 017 070 144 207 291. 382 383 1

I 50 I 005 014 023 050 096 J53 216 217 I
I 70 I 004 012 020 027 049 091 141 141 I

90 I 004 011 018 022 033 057 100 100 I

. 10 I 001 023 156 247 316 435 550 556 I
I 30 I 000 005 015 029 054 105 153 154 I
I 2 50 1 000 004 011 016 019 036 065 066 I
I 70 I 000 003 009 013 015 020 033 034 I
1 90 1 000 003 008 011 013 016 023 023 1

I 10 I 000 002 056 133 187 273 339 348 I
I 30 I 000 001 007 013 018 043 064 066 I
I 3 50 I 000 001 005 009 01 015 020 021 I
I 70 I 000 001 004 007 008 011 012 012 I
I 90 I 000 001 003 006 007 010 009 009 I

I 10 I 000 000 016 068 117 188 241 253 I
30 I 000 000 004 007 011 021 034 036 I

1 4 50 I 000 000 002 005 007 010 012 012 I
I 70 I 000 000 002 004 006 008 008 009 I
I 90 I 000 000 002 003 005 007 007 008 I

I 10 I 000 000 001 013 039 094 131 147 I
I 30 I 000 000 001 002 004 008 011 013 1
I 6 50 I 000 000 000 002 003 005 005 006 I
I 70 I 000 000 000 001 002 004 005 005 I
I 90 I 000 000 000 001 002 004 004 005 I

I 10 I 000 000 000 002 010 043 075 092 I
I 30 I 000 000 000 001 002 004 006 007 I
I 8 50 I 000 000 000 000 001 002 003 004 I
I 70 I 000 000 000 000 001 002 003 004 I
I 90 1 000 000 000 000 001 002 003 004 I

I 10 I 000 000 000 000 002 016 040 054 I
30 I 000 000 000 000 001 002 003 004 1

1 10 50 1 000 000 000 000 000 001 002 003 1
I 70 I 000 000 000 000 000 001 002 002 I
I 90 I 000 000 000 000 000 001 002 002 I

- - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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ILLUMIINANCE FROM TOPSIDE OF BLINDS (EXPOSED TO SUN)
VERIXCAL BLINDS, ANGLE = 75

I ROOM DEPTH / I I
I WINDOW HEIGHT I WINDOW WIDTH /WINDOW HEIGHT W /H Ia

I D/H ~ D 1 5 1 2 3 4 6 8 INF I

I10 1 000 0235 244 408 546 769 983 986 1
I30 1 000 003 005 017 062 161 249 250 1
1 50 1 000 003 005 005 009 032 088 088 1

1 70 1 000 002 004 005 008 007 027 027 1
1 90 1 000 002 004 004 008 006 013 013 1

1 10 1 000 000 0 17 100 185 318 435 43? 1
1 30 1 000 000 (003 004 004 012 045 045 1
1 2 50 1 000 000 002 003 004 004 008 008 1
1 70 1 000 000 002 003 003 003 006 006 1
1 90 1 000 000 001 002 003 003 005 005 1

110 1 000 000 001 014 056 158 238 244 1
1 30 1 000 000 000 002 002 003 004 004 1
1 3 50 1 000 000 000 001 002 003 002 002 1
1 700 1 000 000 000 001 002 002 002 002 1
1 90 1 000 000 000 001 001 002 002 002 1

110 1 000 000 000 00t 012 074 139 146 1
1 30 1 000 000 000 001 002 003 003 003 1
1 4 50 1 000 000 000 000 001 002 002 002 1
1 70 1 000 000 000 000 001 002 002 002 1
1 90 1 000 000 000 000 001 001 002 002 1
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 10 1 000 000 000 000 000 00? 038 042 1
I 30 1 000 000 000 000 000 001 001 001 1

S.,0100 0 0 000001 0 0

6 70 1 000 000 000 000 000 001 001 001 1
1 70 1 000 000 000 000 000 001 001 001 1
---- 0-----000--000--000--000--000--- 001-- 001-- 001---

110 1 000 000 000 000 000 000 007 009 1
1 30 1 000 000 000 000 000 000 001 001 1
I a 50 1 000 000 000 000 000 000 001 001 1
1 70 1 000 000 000 000 000 000 001 001 1

190) 1 000 000 000 000 000 000 000 001 1
------------10 I 000 --000-000--000-000-000--00--001--

1 1 0 1 000 000 000 000 000 000 000 000 1
I 10 50 1 000 000 000 000 000 000 000 000 1
1 70 0 1 000 000 (100 000 000 000 000 000 1
I 90 1 000 000 000 000 000 000 000 000 1

----*~' -. . *. - - - - - ---- - - - - - - - - - - -- - - - - - - - - - - -
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SOLAR BLINDS MULTIPLIERS

-- UNDERSIDE, SURFACE HIDDEN FROM SUN --

BLINDS ANGt.E = 0 DEG II BLINDS ANGLE = 15 DEG
'.4I------I----------------------------- ---------------------------- I

I SOLAR I BLINDS REFLECTANCE 11 BLINDS REFLECTANCE "
IPROFILEI I"I
I ANGLE 1 10% 30% 50% 70% 90% 11 10% 30% 50% 70% 9?0% 1

------------------------------------ 1 **--- - - - --

0 1 000 000 000 000 000 i 001 011 031 064 113 1
1 15 1 001 011 032 067 119 1 002 021 061 125 222 1
1 30 1 003 024 069 142 254 11 004 033 095 195 347 1
I 45 1 004 036 103 214 382 If 004 033 094 193 343 1
1 60 1 003 030 087 180 320 11 003 025 073 150 264 1
1 75 1 002 017 048 099 175 11 001 013 038 078 137 1

BLINDS ANGLE = 30 DEG 1I BLINDS ANGLE = 45 DEG-

I SOLAR I BLINDS REFLECTANCE II BLINDS REFLECTANCE I
I PROF'IL.E II.-
I ANGLE 1 10% 30% 50% 70% 90% II10% 30% 50% 70% 90% 1

S.-..--...-.---..-----,---.------------------------I
1 0 1 002 019 055 112 197 11 003 023 066 134 232 1
1 15 1 003 028 079 161 283 11 003 028 078 159 275 1
1 30 1 003 031 088 180 315 11 003 023 065 133 230 1

45 003 026 075 154 26911 002 019 053 108 187 1
1 60 1002 019 055 113 197 11001 013 037 076 131 1
1 75 1001 010 027 056 097 11001 006 017 035 061 1'

BLINDS ANGLE = 60 lIEG I BLINDS ANGLE = 75 DEG-
I.-----I---------"*~----~*------I-----------------------------I

I SOLAR I BLINDS REFLECTANCE II BLINDS REFLECTANCE I
IPROFILE II "
1 ANGLE I 10% 30% 50% 70% 90% 11 10% 30% 50% 70% 90% 1

------------------------------- II----------------------------I
1 0 1 003 023 064 127 217 11 001 011 031 062 105 1
1 15 1 002 018 051 103 176 11 001 009 024 048 082 1
1 30 1 002 015 043 083 142 11 001 007 019 037 063 1
1 45 1 001 011 032 065 111 11 001 005 014 028 047 1
1 60 1 001 008 021 043 073 11 000 003 009 017 029 1
1 75 1 000 003 009 018 03111 000 001 003 006 011 I

I-------------------------------I---- --------------------------I

W- 4 - 4o - . . . . . . . . ... . . .•
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SOLAR BLINDS MULTIPLIERS

IOPSIDE, SURFACE EXPOSED ro SUN

BLINDS ANGLE = 0 DEG 11 BLINDS ANGLE = 15 DEG
I......----.-.-----.----.-..--.--I----------------------------

I SO.AR I BLINDS REFLECTANCE BLINDS REFLECTANCE '
PROFILE I'-

I ANGLE 1 10% 30% 507 70% 90% 11 10% .30% 50% 70% 90% .
I------.--.----.--------ii--------------------------- -

0 1 000 000 000 000 000 11 026 080 139 204 282 1
15 1 027 082 141 209 290 11 052 158 272 401 555 1

I 30 1 057 175 302 446 620 11 081 247 426 628 868 1
1 45 1 085 259 447 660 917 11 085 258 444 651 894 1
1 60 1 073 223 384 565 780 1 073 222 380 554 754 1
I 75 1 044 133 228 333 456 11 044 132 225 327 441 1

S---- ---- ---.- l----------------------------I

BLINDS ANGLE = 30 DEG 11 BLINDS ANGLE = 45 DEG
I-----I~--------------------------I---- --------------------------I

I SOLAR I BLINDS REFLECTANCE BLINDS REFLECTANCE .
1PROFILEI 10
1w! ANGLE 1l10 30Z 50Z 70% 90% 11 0% 30% 50Z 70Z Y0Z -"

------------------------------ ---------------------------
1 0 1 051 155 266 389 533 11 072 218 372 537 723 1
I 15 1 073 223 382 559 764 1I 087 264 449 648 871 1
1 30 1 086 262 449 654 890 1 086 261 442 635 847 1
I 45 1 085 257 438 635 85611 085 256 432 618 8181
I 60 1 073 221 375 541 72411 073 220 371 528 6?51
I 75 1 044 132 223 319 42411 044 131 221 313 4091

* I-----I--------------------------I---- --------------------------I

BLINDS ANGLE = 60 DEG 1 BLINDS ANGLE = 75 DEG
* I-----I--------------------------I---- --------------------------I

I SOLAR I BLINDS REFLECTANCE 11 BLINDS REFLECTANCE I
IPROFILE 1 1
I ANGLE 1 10% 30% 50% 70% 90Z 11 10% 30Z 50% 70Z 90% 1
1---1-.I---------------------------I I-----------------------------I
1 0 1 088 266 450 642 84911 089 266 446 628 8141
I 15 1 087 262 442 629 826 11 087 261 437 615 796 1
1 30 1 086 260 437 619 81011 086 259 433 608 7861
1 45 1 085 255 428 605 788 1 085 254 425 596 770 1
1 60 073 220 368 519 67411 073 219 366 513 6621

1 75 1044 131 219 308 399 11044 131 218 306 3941

I-----I-------------------------I---- --------------------------I

.4
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SKY BLINDS MULTIPLIERS

'4
-- UNDERSIDEr SURFACE 14IDDEN FR~OM SUN -

I.. BLINDS REFLECTANCE I

I BLINDSI I
I ANGLE 1 10% 30% 50% 70% 90% 1

1 0 1 002 021 060 125 222 1

I 15 1 003 027 077 158 281 1
1 30 1 003 029 084 171 301 1

1 45 1 003 029 082 J66 287 1

1 60 1 003 026 073 145 246 1

1 75 1 002 019 054 107 178 1

-- j
TOIPSIDE, SURFACE EXPOSED TO SUN

BLINDS REFL.ECIAN:E I
I BLINDSI I
I ANGLE 1 10% 30% 50% 70% 90% 1

-- ----- - - - - - - - - I
1 0 1 050 153 264 391 543 1

1 15 1 066 200 344 508 702 1

30 1 078 238 407 595 813 1
1 45 1 089 270 460 665 894 1

1 60 1 100 303 512 731 966 1

1 75 1 109 329 552 779 1015 1

, .-............................... ".'."""• " "" .
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4.]

GROUND BLINDS MULTIPLIERS

UNDERSIDE, SURFACE HIDDEN FROM SUN --

I BLINDS REFLECTANCE
I BLINDS1 I
I ANGLE I 10% 30% 50% 70% 90% 1

1 0 1 025 077 132 195 271 1
1 15 1 017 054 093 138 193 1
I 30 1 011 036 065 099 141 1
1 45 1 007 024 046 074 110 1
I 60 1 003 015 032 056 088 1
1 75 1 001 009 022 041 067 1

-------------------------------------------- I

TOPSIDE, SURFACE EXPOSED TO SUN

J1-----I----------------------------- I
I BLINDS REFLECTANCE I

I BL.INDSI I
I ANGLE 1 10% 30% 50% 70Z 90% 1

------------------------ I

1 0 1 001 010 030 062 Il1 I
1 15 1 002 012 029 055 093 1
1 30 1 007 025 047 075 113 1
1 45 1 015 046 081 121 167 1
1 60 1 025 076 130 186 247 1
I 75 1 037 112 187 265 345 1

--

"...
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Alexandria VA

NAVFACENGCOM . CHES DIV. CO Code 11 Washington, DC; Code 04, Wash, DC; Code 05, Wash, DC;
Library, Washington, D.C.; RDT&ELO Wash. DC

NAVFACENGCOM - LANT DIV. Code 04 Norfolk VA Norfolk VA; Code 04, Norfolk, VA; Code 05,
Norfolk, VA; Code 11, Norfolk, VA; Library, Norfolk, VA; RDT&ELO 102A, Norfolk, VA

.. . . . . . . . . .. . . .. . . , . .. . . - . .. . .. . - . .- . . . . . . . . ..
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NAVFACENGCOM - NORTH DIV. Code 04 Philadelphia. PA; Code 04AL. Philadelphia PA; Code 05. Phila,
PA; Code 11, Phila PA; Code III Philadelphia, PA

NAVFACENGCOM - PAC DIV. Code 04 Pearl Harbor HI; Code 05, Pearl Harbor, HI; Code II Pearl Harbor
HI; Code III:SI, Pearl Harbor, HI; Code 402, RDT&E, Pearl Harbor HI: Library. Pearl Harbor. HI

NAVFACENGCOM - SOUTH DIV. Code 04, Charleston, SC; Code 05, Charleston, SC; Code 11, Charleston,
SC; Code 90, RDT&ELO, Charleston SC; Library, Charleston, SC

NAVFACENGCOM - WEST DIV. CO (Code 1113), San Bruno, CA; Code 04, San Bruno, CA; Code 05. San
Bruno, CA; Code 11 San Bruno, CA; Library, San Bruno, CA; RDT&ELO Code 2011 San Bruno, CA

NAVFUELDEP OIC (Energy Conserv), JAX, Fl
NAVHOSP APWO (Code 13), Beaufort SC
NAVOBSY Code 67, Washington DC
NAVOCEANSYSCEN Commander (Code 411), San Diego, CA
NAVORDFAC CO (Code 66), Sasebo, Japan
NAVORDSTA CO (Code 0931), Louisville, KY; Code 0923, Indianhead, MD
NAVORDSYSCOM Code SPL-631
NAVPGSCOL Code 43B, Monterey, CA
NAVPHIBASE CO (PWO), Norfolk, VA
NAVPLANTREP Hercules Inc., Magna, UT --Q
NAVREGMEDCEN CO (Code 133), Long Beach, CA; CO (Code 93), Camp Lejeune. NC; CO (Code A09) -

Engr Div. Phila., PA; Code 310, Portsmouth, VA
NAVRESREDCOM Commander (Code 07), Great Lakes, IL; Commander (Code 072). San Francisco, CA
NAVSCOLCECOFF C35 Port Hueneme, CA
NAVSCSCOL CO (Code 50), Athens, GA
NAVSEASYSCOM PMS-396133 Washington DC
NAVSECGRUACT CO (Code 30), Puerto Rico; CO (Code 40B), Edzell, Scotland; CO (Code N60),

Homestead, FL; CO (Energy Conserv), Sonoma, CA; CO (Energy Conserv.) Winter Harbor, ME; CO
(PWD), Adak, AK; Code 40, Chesapeake, VA; PWO. Torri Sta, Okinawa

NAVSECGRUCOM Energy Conserv., Washington DC
NAVSECSTA Code 540, Washington DC
NAVSHIPYD CO (Code 405); Code 402.4, Philadelphia PA; Commander (Code 406), Portsmouth, NH; PWD

(Code 400.03), Charleston SC; Puget Sound, CMDR (Code 402.3), Bremerton, WA
NAVSTA (Code 50A) Rodman, Panama Canal; CO (Code 18410), Mayport, FL; CO (Code 413), Grmo, Cuba;

CO (Code 52), Brooklyn NY; CO (Code ODE), San Diego, CA; CO (Energy Conserv); CO (PWD),
Keflavik, Iceland; CO (PWD), Rota, Spain

NAVSUBASE CO (Code 803), Groton, CT; PWO Bangor, Bremerton, WA
NAVSUPPACT CO (Code 413), Seattle, WA; CO (Code 81), Mare Island, Vallejo. CA; CO (Code N52), New

Orleans, LA; CO (Energy Conserv), Naples, Italy
NAVSUPPBASE CO (Energy Conserv) Kings Bay, GA
NAVSUPPFAC CO (Energy Conserv) Diego Garcia 1; Code 02, Thurmont, MD
NAVSUPPO CO (APWO), La Maddalena, Italy
NAVSURFWPNCEN Dahlgren Lab, WW-02 Dahlgren VA
NAVTELCOMMCOM Code 05, Washington DC
NAVUSEAWARENGSTA CO (Code 073E2), Keyport, WA
NAVWPNCEN Commander (Code 2635), China Lake, CA
NAVWPNSTA CO (Code 09221), Concord, CA; CO (Energy Conserv) Yorktown, VA; CO (Energy Conserv).

Colts Neck, NJ; Code 0911, Seal Beach CA
NAVWPNSUPPCEN CO (Code 092E), Crane, IN
NCBC CO (Code 80), Port Hueneme, CA; CO (Energy Conserv), Davisville, RI
NOAA Library Rockville, MD
NRL PWO Code 2530.1, Washington, DC
NSC CO (Code 46A) San Diego, CA; CO (Code 70A), Puget Sound, WA
NSD CO (Code 50E)
NTC CO (Code NAC50F) Orlando, FL
NUSC CO (Code 5204), Newport, RI
ONR CO (Code 701) Pasadena, CA
PACMISRANFAC CO (Code 7031), Kekaha, HI
PMTC Commander (Code 6200-3), Point Mugut,, CA
PWC CO (Code 1003), Oakland, CA; CO (Code 100E), San Diego, CA; CO (Code 100E3), Oakland, CA; CO

(Code 153), Guam; CO (Code 30), Pearl Harbor, HI; CO (Code 601), Subic Bay; CO (Code 610).
Pensacola, FL; CO (Code 613), San Diego, CA; Code 100A. Great Lakes, IL; Code 116. Seattle, WA; Code
154 (Library), Great Lakes, IL; Code 600A Norfolk, VA; Library, Code 120C, San Diego, CA; Library,
Guam; Library, Norfolk, VA; Library, Oakland, CA; Library, Pearl Harbor, HI; Library, Pensacola. FL;
Library, Subic Bay, R.P.; Library, Yokosuka JA; NAS Pensacola, FL

SPCC CO (Code 763), Mechanicsburg, PA
SUPSHIP ADMINO, San Francisco, CA; Code 901
USNA Code 170, Annapolis, MD
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FRANKLIN INSTITUTE M. Padusis, Philadelphia PA
LAWRENCE BERK LAB Window & Lighting Prog. Berkeley, cA
LOS ALAMOS SCI LAB Solar Energy Gp. Los Alamos, NM

- MIT Cambridge MA (Rm 10-500, Tech. Reports, Engr. Lib.)
UNIVERSITY OF WASHINGTON Insti. for Envir. Studies
PG&E Library. San Francisco, CA

j SANDIA LABORATORIES Library Div., Livermore CA
* UNITED KINGDOM LNO, USA Meradcom, Fort Belvoir, VA.




